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COMPOUNDS  CONTAINING  8  At.  CARBON. 


I.    MELLITENE  SERIES. 


A.    Unknown  Primary  Nucleus.    Mellitene,  C®H*. 

B.    Secondary  Nuclei. 
a.     Unknoum  Oxygen-micleus.    C'H^O^ 

Mellitic  Acid.    C«H»0«=C«H»0»,0«. 

Kla1>R0TB.     Scher.  J,  3,  4GI.  —  Beitracfe,  3, 1 14. 

Vauquelin.     Ann.  Chim,  36,   203;  also  Scher,  J.  5,  566;   also  Crell. 

Ann.  180,  1,  405. 
WoHLER.     Fogff.  7,  325.  —  Pogg.  52,  600;  also  Ann.  Pharm,  37,  263. 
LiEBiG  &  WoHLER.    Pogg,  18,  161. 
LiRBiQ  &  Pelouze.     Ann.  Pharm.  19,  252. 
Erdmann  &  Marchand.     J.pr.  Chem.  43,  129. 
R.  ScHWARz.     Ann.  Pharm.  ^Q,  46. 
Kabmrodt.     Ann.  Pharm.  81,  164;  abstr.  Pharm.  Centr.  1852,  225; 

Jahresber,  1852,  458. 

Mellithtdure,  ffonip9iein9&ure,  Aeide  m€lHiiqu$. — Discovered  in  Honejstone  by 
Klaproth  in  1799. 

a 
Source.    Only  in  mellitaie  of  alumina  (melliie  or  honeystone), 

mineral  oocnrring  in   beds  of   lignite.  — ^  The  statement  of  HUnefield 

{Schw.  49,  215)  that  mellitic  acid  may  be  obtained  by  treating  amber 

with  hot  hydrochloric  acid,  requires  confirmation. 

Preparation.  Finely  pounded  honeystone  is  treated  with  solution  of 
carbonate  of  ammonia,  whereby  effervescence  is  produced;  the  liquid 
boiled  till  the  excess  of  carbonate  of  ammonia  is  expelled;  caustic 
ammonia  added  to  precipitate  alumina,  inasmuch  as  the  acid  ammoniacal 
salt  formed  duriuff  the  ebullition  may  dissolve  a  portion  of  that  base; 
the  liquid  filtered  and  evaporated  till  neutral  mellitate  of  ammonia 
crystallizes  out;  and  tliis  salt  purified  by  recrystallization  from  water,  a 

VOL  X.  ^  B 


2  MELLITBNE:  OXYGEN-NUCLEUS  CniW. 

small  qnantity  of  ammonia  being  each  time  added,  to  reconvert  the  aoid 
salt  produced  by  evaporation  of  the  ammonia,  into  the  crystallizable 
neutral  salt.  The  purified  ammoniacal  salt  is  finally  dissolved  in  water; 
the  solution  precipitated  with  acetate  of  lead  or  nitrate  of  silver;  the 
washed  precipitate  decomposed  by  sulphnjetted  hydrogen  if  it  contains 
lead,  or  by  hydrochloric  acid  if  it  contains  silver;  and  the  liquid  filtered 
and  evaporated,  whereby  the  excess  of  hydrochloric  acid  is  expelled. 
(Wohler.^ 

The  lead-precipitate  contains  ammonia,  which  is  transferred  to  the 
separated  acid.  Either,  therefore,  the  acid  must  be  reprecipitated  with 
acetate  of  lead;  the  precipitate,  which  still  contains  a  small  quantity  of 
ammonia,  washed  and  again  decomposed  with  sulphuretted  hydrogen; 
and  the  acid  thus  liberated  precipitated  a  third  time  with  hydrochloric 
acid,  in  order  to  obtain  a  precipitate  free  from  ammonia,  and  thence  to 
separate  the  pure  acid  by  sulphuretted  hydrogen.  —  Or  the  ammonia-salt 
must  be  boiled  with  excess  of  baryta-water;  the  resulting  baryta-salt 
decomposed  by  digestion  with  dilute  sulphuric  acid;  the  liquid  filtered  and 
evaporated  till  it  crystallizes;  and  the  crystals  freed  from  adhering  sul- 
phuric acid  by  recrystallization.  (Erdmann  &  Marchand.)  —  To  prepare 
colourless  mellitic  acid  from  the  brown  acid  mother-liquor  obtained  in 
the  preparation  of  mellitate  of  ammonia,  the  colouring  matter  may  be 
precipitated  by  chloride  of  barium;  the  mellitate  of  baryta  thrown  down 
from  the  filtrate  by  ammonia  or  by  boiling  with  acetate  of  ammonia; 
and  the  mellitate  of  baryta  converted  into  mellitate  of  ammonia  by 
digestion  with  carbonate  of  ammonia;  or  the  brown  mother-liquor  may 
be  precipitated  by  a  strong  solution  of  sulphate  of  copper,  and  the  crys- 
tallized mellitate  of  copper  decomposed  by  bydrosulphate  of  ammonia.  — 
In  precipitating  the  purified  ammonia-salt  by  nitrate  of  silver,  it  is 
necessary  to  drop  the  former  into  an  excess  of  the  latter;  otherwise  the 
precipitate  retains  ammonia.  (Schwarz.) 

2.  Pulverized  houeystone  is  boiled  with  water,  the  aqueous  mellitio 
acid  separated  from  the  alumina  by  filtration,  and  evaporated.  (Klaproth.) 
—  The  acid  thus  prepared  contains  alumina.  (Wohler.)  —  3.  Honeystone 
is  digested  with  aqueous  carbonate  of  potash,  whereupon  carbonic  aoid 
escapes  with  efiervescence;  the  solution  of  mellitate  of  potash  filtered, 
and  mixed  with  nitric  acid;  and  the  liquid  evaporated,  whereupon  the 
acid  crystallizes  out.  (Vauquelin.)  —  The  product  thus  obtained  consists 
of  acid  mellitate  of  potash  mixed  with  nitre.  (Wohler.) 

Properties.  As  obtained  by  evaporation:  White  powder  exhibiting 
scarcely  any  appearance  of  crystalline  structure;  as  crystallized  from  the 
solution  in  cold  alcohol  by  spontaneous  evaporation:  Delicate,  silky 
needles  united  in  stellate  groups.  Fusible  by  heat,  tastes  strongly  acid. 
Permanent  in  the  air.  (W5hler.) 

Cryttallized.  Wohler.  Schwarz. 

8  C   48     ....     42-11     42-38     42-15 

2  H  2     ....       1-75     1-82     1-77 

8  O   64     ....     5614     55-80     56-08 


C»HK)»,0«   114     ....  10000    10000    10000 

According  to  the  radical  theory,  the  hypothetical  anhydrous  acicnid[»OO^a48. 

DecomposUiom,     1.  The  crystallized  acid  does  not  give  off  water  at 
200%  but  at  a  higher  temperature  sublimes  partly  unaltered,  while  the 
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greater  portion  is  decomposed,  with  separation  of  a  large  quantity  of 
carbon,  but  without  empjreumatic  odour.  (Wobler.)  —  IT  According  to 
Erdmann  {J.  pr,  Chem,  52,  432),  the  sublimate  obtained  by  heating 
mellitic  acid  consists  of  a  new  acid,  viz.  JPyrcmieUitie  acid,  0*0'  or 
C'^HO*,  which  melts  in  the  neck  of  the  retort,  runs  down  and  solidifies  in 
a  radiated  crystalline  mass.  Water  likewise  passes  over;  gas  is  evolved, 
chiefly  carbonic  acid,  and  charcoal  remains  behind.  IT.  —  2.  Mellitic  acid 
heated  in  the  air,  burns  with  a  bright  sooty  flame,  and  aromatic  odotir, 
leaving  a  large  quantity  of  charcoal  which  afterwards  bums  completely 
away.  (Wohler.)  —  Boiling  nitric  acid  neither  dissolves  nor  decomposes 
the  acid  (Klaproth,  Wohler);  neither  is  it  decomposed  by  boiling  oil  of 
vitriol.  (Wohler.) 

CoTnhinaiions.  The  acid  dissolves  readily  in  Water;  the  cpncentrated 
solution  is  of  a  syrnpy  consistence.  (Wobler.) 

Boiling  Oil  of  Vitriol  dissolves  the  acid,  and  when  evaporated  by  a 
stronger  heat,  leaves  it  undecomposed.  (Wohler.) 

All  MdlitateSy  when  subjected  to  dry  distillation,  yield  a  large 
quantity  of  carbon  and  a  small  quantity  of  products  containing  hydrogen. 
(Wohler).  —  IT  Mellitates  slowly  di-Vtilled  with  strong  sulphuric  acid, 
yield  pyromellitic  acid,  which  passes  over  with  the  sulphuric  acid,  a 
large  quantity  of  carbonic  acid  gas  being  at  the  same  time  evolved, 
together  with  carbonic  oxide,  and  towards  the  end  of  the  decomposition, 
sulphurous  acid.  (Erdmann.)  IT 

IfeUiicde  of  Ammonia,  —  a.  Neutral,  —  Preparation  (p.  !)•  —  I^a*g®» 
shining,  transparent  crjrstals,  having  a  slight  acid  reaction.  They 
exhibit,  with  the  same  amount  of  acid,  but  probably  a  different  amount 
of  water,  two  forms,  both  indeed  belonging  to  the  right  prismatic  system, 
but  exhibiting  very  different  angles.  (Wohler.) 

a.  Derived  from  a  rhombic  octohedron  {Fig,  41),  whose  three  axes 
are  to  one  another  as  V  3*290:  >v/ 7*881:1;  crystallizes  in  the  fprm 
represented  in ^^.68;  p:y=:151^8';  ;>:»=160'  24';  ^  :tt=114M6'; 
tt:i=122''  5';  the  <-face  longitudinally  striated;  no  cleavage-plane 
parallel  to  p ;  fracture  conchoidal.     (G.  Rose.) 

/3.  Rhombic  octohedron,  in  which  the  throe  axes  are  to  one  another 
as  V2-675:  ^7-923  :  T ;  crystalline  form  {Fig.  67);  p:a=  144°  44'; 
o:fl=146^  17';  a:tt=125-  16';  tt':M=119^  41';  « :  <=120^  9i'; 
cleavage  parallel  to  p;  longitudinal  fracture  uneven;  all  the  faces 
smooth.     (G.  Rose,  Fogg,  7,335.) 

The  salt  a  becomes  milk-white  and  opaque  by  exposure  to  the  air. 
The  salt/i,  when  taken  out  of  the  mother-liquor,  becomes  almost  instantly 
opaque  and  friable,  rather  perhaps  from  shifting  of  the  particles  than 
from  loss  of  water;  in  many  cases,  however,  half  of  the  crystal  remains 
transparent.     (Wohler.) 

Erdm.  &  Man    Sehwars. 

23-76    2412    2391 

13-86     1414     13-61 

6-93 709      /'le 

55-45     54f)5     55*32 


8  C   

Crysiallized. 

2N  

14  H  

14    .... 

14  O   

•^••••••••.>     li«    •••• 

C«(NH^«08  +  6Aq.    202     ....  100-00     10000    lCO-00 
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Or: 

Erdmann  &  Marchand. 

2NH» 34     ....     16-83     1700 

C80« 96     ....     47-53     47'79 

8HO  72     ....     35-64     

1 1  ■!       -       -I  UUI   ■  -  ■ — ^ 

C8(NH*;»08    6Aq 202     ...  10000 

The  large  transparent    crystals  analyzed  by  Schwarz  were  dried  OTer  chloride  of 
calciam.     Those  examined  by  Erdmann  &  Marchand  had  the  form  a. 

Those  crystals  which  effloresce  in  the  air,  becoming  opaque  and  like 
porcelain,  losing  at  the  same  time  exactly  2  At.  water.  At  100®,  the 
crystals  give  off  24*  1  p.  c.  water,  together  with  a  little  ammonia,  which, 
as  the  temperature  rises,  accompanies  the  escaping  water  in  continually 
increasing  quantity. 

At  150"^  the  salt  is  converted,  in  the  course  of  a  few  hours,  with 
evolution  of  large  quantities  of  ammonia  and  water,  into  a  pale  yellow 
pulverulent  mixture  of  paramide  and  acid  euchroate  of  ammonia. 
(Wohler.) 

Formation  of  paramide : 

2NH3,C«H»08  -  C^NHO*  +  NH^  +  4H0. 

Formation  of  euchroate  of  ammonia: 

3(2NH3,C«H«OS)  =  2NH3,C2^N-H<0"  +  2NH»  +  8H0. 

When  the  salt  is  heated  to  160^  a  further  decomposition  takes  place, 
a  bitter  substance  then  mixing  with  the  paramide.  —  When  mellitate  of 
ammonia  is  heated  in  a  retort  to  300°  —  350°,  water  passes  over  together 
with  caustic  ammonia  and  carbonate  of  ammonia;  a  pale  green  semifused 
sublimate,  and  a  small  quantity  of  white  crystalline  sublimate  are  formed; 
and  ti  carbonaceous  mass  remains  behind.     This  residue  is  a  mixture  of 
charcoal,  greenish  yellow  shining  needles,  and  a  small  quantity  of  acid 
matter,  which  may  be  dissolved  out  by  water.     Digested  with  ammonia,  it 
yields  a  dark  blue-green  solution,  which  on  cooling  deposits  a  small  quantity 
of  delicate  white  lamina),  which  volatilize  undecomposed  in  the  form  of  a 
woolly  sublimate.      The  green  amnion iacal  solution  filtered  from  these 
laminse  yields  with  hydrochloric  acid,  a  dark  blue-green  precipitate, 
which  is  difficult  to  wash;   black  after  washing  and  drying;  shining; 
very  friable;  yields  a  dark  green  powder;  and  is  resolved  by  heat  into 
hydrocyanate  of  ammonia  and  charcoal.     The  hydrochloric  acid  solution 
filtered  from  this  precipitate,  soon  deposits  small  yellow  crystals,  pro- 
bably the  same  as  those  which  are  visible  in  the  carbon aeeous  residue, 
and  identical  in  composition  with  the  yellow  bitter  substance.  (Wohler.) 
— IT.  According  to  N.  W.  Fischer  {J,  pr.  C/tem.  51,  113),  the  bluish 
green  body  which  sublimes  between  300 '^  aud  400^  is  accompanied  by 
an  amorphous,  yellow,  strongly  bitter  substance;  the  latter  is  soluble  in 
boiling  water,  the  former  not;  both  yield  easily  soluble  compounds  with 
alkalis,  and  insoluble  compounds  with  the  oxides  of  the  heavy  metals. 
The  residue  which  is  left  before  the  heat  has  been  raised  to  300^—400% 
yields,  on  ignition,  a  sublimate  of  colourless  crystalline  needles,  which 
are  insoluble  in  water,  dissolve  in  ammonia  only  at  boiling  heat,  and 
separate  on  cooling  in  the  form  of  a  crystalline  powder.     Fischer  regards 
it  as  probable  that  the  blue,  yellow,  and  colourless  sublimates  are  isomeric 
compounds;  inasmuch  as  the  two  former  yield  the  latter  when  suddenly 
heated  to  redness,  and  the  latter  when  slowly  heated  to  300"^ — 400°,  is 
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conv^erted  into  the  two  former.  IT.  —  The  concentrated  solntion  of  mel- 
litato  of  ammonia,  sealed  np  in  a  glass  tube,  is  not  altered  by  heating  it 
for  several  hours  to  200*^  (Wohler).  —  The  solution  boilea  in  contact 
with  the  air,  gives  off  ammonia  and  forms  a  much  more  soluble  acid  salt; 
consequently  ammonia  added  to  the  liquid,  after  evaporation  and  cooling, 
throws  down  the  neutral  salt  in  the  form  of  a  crystalline  magma.  ^W&hler.) 
6.  Acid,  —  Ammonio-cupric  mellitate  obtained  by  precipitatmg  cuprio 
snlphate  with  neutral  mellitate  of  ammonia,  is  decomposed  by  aqueous 
hydrosulphurio  acid,  and  the  filtrate  evaporated  till  it  crystallizes.  Kigbt 
rhombic  prisms,  truncated  on  the  Jour  lateral  edges.  ti':u:=:122^ 
(Erdman  &  Marchand.) 

Air 'dried  CryttaU*  Erdmann  &  Marchand. 

24  C 144  ....  32-15     32*03 

2  N 28  ....      6-25     6-30 

20  U 20  ....      4-46    4-78 

32  0 256  ....  57-14     56*89 

C8(NH<)20*,2C"H»0»  +  8Aq 448     ...10000  100-00 

MeUitate  of  Potash:  —  a.  Neutral,  —  Isomorphous  with  the  neutral 
ammonia-salt  a.  (Fig.  68).  w'  :tt=114'';  p  :y=l5J°;  p  :l=160^-  u:t= 
123®  nearly.  (Neumann.)  The  crystals  are  much  inclined  to  effloresce. 
Crystals  already  partially  effloresced  give  off  20*1  p.  c.  water  at  170^, 
and  the  dry  residue  contains  49*51  p.  c.  potash:  the  composition  of  the 
crystals  is  therefore  C*K^^  6  Aq.  (Erdmann  &  Marchand.) 

b.  Acid.  —  The  solution  of  1  At.  salt  a,  and  1  At.  mellitic  acid  in  hot 
water,  yields,  on  cooling,  large  opaque,  right  rhombic  prisms,  with  the 
terminal  edges  truncated,  and  the  acute  lateral  edges  sometimes  truncated^ 
sometimes  bevelled. 

At  a  gentle  heat,  they  give  off  water  and  become  milk-white,  and  at 
180®  give  off  17*93  p.  c.  (4  At.)  water.  They  dissolve  in  water  more 
readily  than  a,  and  nitric  acid  added  to  the  solution  throws  down  a  com- 
pound of  the  salt  b  with  nitre.  (Wohler.) 

Crystallized.  W<$hler. 

8  C    480  ....     25-51     25*64 

5  H   50  ....       2-65     

KO 47*2  ....     2508    23*99 

11  O' 88*0  ■■■.    46*76 

C?»HK(y,4Aq 188*2     ....  10000 

By  mixing  concentrated  solutions  of  the  neutral  salt  and  the  free  acid,  Erdmann  & 
Marchand  precipitated  a  crystalline  powder,  which,  after  being  dissolved  in  hot  water, 
separated  out  in  small  broad  nacreous  crystals,  containing  20*63  p.c.  C,  2'74H,  and 
30-49KO;  therefore  «  2K0,3C*O»  +  9 Aq.  [or  perhaps =C8K?08,C8HKO«  + 12 Aq.] 

Acid  MeUitate  of  Potash  xvith  Mtrate  of  Potash.  —  Formerly  mistaken  for 
the  pure  acid  potash-salt.  —  Nitric  acid  is  added  to  a  saturated  aqueous  solu- 
tion of  the  neutral  or  acid  potash-salt^  till  a  granular  precipitate  begins 
to  appear,  the  mixture  then  heated  till  the  precipitate  aissolves,  and  left 
to  cool  slowly.  Irregular  six-sided  prisms,  bevelled  with  two  faoeo 
resting  on  two  lateral  edges  (nearly  the  same  as  Fiff,  65).  Of  sour  taste. 
The  crystals  ffive  off  7  p.  c.  (6  At.)  water  at  150°,  and  when  more 
strongly  heated,  are  suddenly  converted,  with  very  strong  intumescence, 
into  a  carbonaceous  mass,  exhibiting  at  the  same  time  a  glimmering  liffht, 
visible  even  when  excess  of  air  is  prevented.  With  sulphuric  acid,  they 
give  off  nitric  add.  They  la^  but  very  sparingly  soluble  in  water. 
(Wohler.) 
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CryitaUiMed  ^»hler: 

S2  C  : : 192    ....    2513    2520 

10  H 10    ....      1*31     1-33 

5  KO   236    ....    30-89     30*40 

NO* 54    ....  7-07 

34  d  272    ....  35-60 


4(CPHKO»)  +  KO,NO»  +  6Aq.  764    ....  10000 

MisilUati  6f  Soda,  —  a,  Wi^  S  At  Water,  —  Separates  from  the  warm 
concentrated  aqueous  solntioh  in  needles,  which^  at  100°,  give  off  22*6 
p.  c.  (nearly  6  At.)  water,  and  at  180°,  32-81  p.  c.  (8  At.)  altogether. 

p.  With  12  At  Water.  —  Crystallizes  from  the  cold  saturated  solution 
by  spontaneous  evaporation,  in  large,  deeply  striated  crystals  belonging 
to  the  doubly  oblique  prismatic  system,  which,  at  160",  give  off  38-88 
p.  c.  (12  At.)  water,  and  leave  a  residue  containing  38*68  p.  c.  soda. 
(Erdmunh  &  Marchand.) 

Mellxtate  of  Baryta,  —  Mellitio  acid  mixed  with  baryta-water  or 
acetate  of  baryta,  immediately  forms  a  white  precipitatb;  with  chloride 
of  barium,  after  a  while,  it  forms  transparent  delicate  needles ;  the  pre- 
cibitAte  and  the  crystals  are  soluble  in  hydrochloric  and  in  nitric  acid. 
(Klaproth.)  —  In  rattier  strong  solutions,  mellitate  of  ammonia  formal 
with  baryta-salts  a  gelatinous  precipitate,  which  aggregates  in  crystal- 
line scales;  in  very  dilute  solutions  it  forms  slender  needles.  The  salt, 
after  drying  in  the  air,  presents  the  appearance  of  a  laminated  mass, 
having  an  fumost  silvery  lustre;  at  100^  it  gives  off  merely  hygroscopic 
water,  bttt  at  330°  it  yields  6*56  p.  c.  (2  At.)  —  Sometimes  it  contains  a 
small  portion  of  acid  salt.  (Schwarz.)  —  The  salt  obtained  by  precipita* 
tion  with  mellitate  of  ammonia,  contains  a.  small  quantity  of  ammonia, 
id  diffictilt  toi  dry,  and  contains  after  drying,  59*1  p.  c.  baryta.  (Erdmann 
h  Marchand.) 

Dried  al  330^  Schwaff. 

8  C    480    ....  19-26  19-26 

•2BaO   153-2    ....  61-48  60-80 

iiO 48-0    ....  19-26  19-94 

C8Ba208 219-2     ....  10000    100-00 

Mellitate  of  Strontia,  —  The  white  precipitate  which  mellitio  acid 
produces  in  strontia- water,  is  soluble  in  hydrochloric  acid.  (Klaproth.) 

Mellitate  of  Lime.  —  The  free  acid  forms  with  lime-water,  whitft 
flakes  soluble  m  hydrochloric  acid  (Klaproth);  with  an  aqueous  solution 
of  gypsum  it  forms  crystalline  grains.  (Vauquelin.)  Mellitate  of  ammo- 
nia forms  with  chloride  of  calcium,  large  white  flakes,  which  dry  up  to 
a  loosC)  white  mass,  consisting  of  silky  needles  still  containing  more 
than  21  p.  c.  water.  (WShler.)  This  precipitate,  after  drying  in  the  air, 
contains,  besides  0*38  p.  c.  ammonia,  33  p.  c.  water,  which  escapes  very 
•lowly  at  130"^;  the  residue  contains  38*83  p.  c.  lime. 
» 

%  Mellitate  of  Magnesia,  —  a.  With  12  At  Water,  —  When  a  warm 
qqueons  solution  of  mellitic  acid  is  neutralized  with  carbonate  of  mag- 
nesia, the  salt  /separates  in  the  amorphous  state  in  the  form  of  clear  oily 
drops,  which  become  turbid  on  cooling,  and  solidify  in  tbe  crystalline 
state  on  ezposore  to  the  ^* 
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The  ealt  gives  off  8  At.  water  at  150°,  and  the  whole  at  180^     It 
dbsolres  bnt  spatitigly  in  water.  (Karmrodt.) 

Crystallized,  Kannrodt. 

2MgO 40     ....     lC-40  17-53 

C^' 96     ....     39-84  40-17 

12  HO    108     ....    44-26  41*75 


C«Mg*08+12Aq 244     ....  lOO-QO     99-45 

fi  With  14  At,  Water.  —  Alcohol  added  to  the  aqueous  solution  of  the 
salt  a,  renders  it  turbid,  and  after  a  few  hours  deposits  small  four-sided 
prisms.  If  too  much  alcohol  bo  added;  the  solution  remains  milky  for  a 
week.  (Karmrodt.) 

Crystallized.  Karmrodt 

2  MgO 40  ....  15-26  15*43 

C«0«  96  ....  36-G4  

14  no   126  ....  4810  48-00 

C«Mg»08+14Aq 262     ....  10000  f 

MdlUate  of  Alumina.  —  a.  Iloneystone  occurs  in  honey-yellow  trans- 
parent crystals,  of  sp.  gr.  1*6,  and  belonging  to  the  square  prismatic 
system.  (Fig.lZ,  29,  32);  tf:c'=118M';  c  ;«''=93^22';  e'.q.=:\20^  58'; 
they  exhibit  strong  double  refraction.  (Hauy.)  When  heated,  it  first 
becomes  white  and  gives  off  44' 1  p.  c.  water,  which  escapes  slowly  at 
about  the  boiling  point  of  oil  of  vitriol  ( Wohler),  then  black  by  carboni- 
zation, and  finaUy  white  by  complete  decomposition  of  the  acid.  (Klap- 
roth.)  When  subjected  to  dry  distillation,  it  yields,  in  addition  to  a 
mixture  of  1  vol.  hydrogen  [carbonic  oxide,  inasmuch  as  it  burns  with  a 
blue  fiame],  and  4  vol.  carbonic  acid  gas,  38  p.  c.  of  slightly  acid  aromatic 
water,  1  p.  c.  aromatic  oil  (proceeding  from  admixed  resin;  Wohler), 
3  p.  c.  charcoal,  14*5  p.  c.  alumina,  1*2  p.  c.  silica,  and  1  p.  c.  ferric 
oxide.  (Klaproth.)  —  Hoiieystoue  thrown  on  melted  nitre,  exhibits  a 
faint  slow.  It  dissolves,  with  decomposition,  in  dilute  nitric,  sulphuric, 
or  hydrochloric  acid,  but  not  in  acetic  acid;  gives  up  its  mellitic  acid  to 
boiling  water,  also  to  ammonia  and  carbonate  of  soda.  (Klaproth.)  Water 
boiled  for  some. time  with  the  mineral,  extracts  only  part  of  the  acid, 
togecher  With  a  sn^all  quantity  of  alumina,  so  that  an  acid  salt  is  formed, 
and  a  basic  salt  remains  behind;  aqueous  mellitic  acid  likewise  dissolves 
a  large  quantity  of  pounded  boueystone.  Carbonate  of  ammonia  extracts 
the  greater  portion  of  the  acid,  even  from  entire  crystals;  but  a  small 
quantity  of  acid  and  ammonia  remains  with  the  alumina,  so  that  its  solu- 
tion in  nitric  acid  yields,  on  evaporation,  crystals  (^iff-  29  &  32,)  of  rege- 
nerated honeystone.  (VVbhler.)  A  honeystone  from  Walchow,  contain- 
ing a  much  larger  projiortion  of  alumina,  is  described  by  Duflos.  (J,  pr, 
Chm.  38,  323.) 


2  APO'    

IIoTieyttone, 
102-8     ....     14.38     .. 

Wohler. 

14-5     ^.... 

41-4     

44-1     

trace 

KlaprotI 
.     14-5 

3  C80« 

288-0     ....     40-29     ... 

.     46-0 

36  HO  

3240     ....     45-33     .. 

.     380 

Pe?0>&SiO» . 
FefO^&resin . 

..       1-3 

C»*A1^0«  +  86Aq.....     714-8    ....  lOO'O      99*8 
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b.  Mellitate  of  potash  added  to  an  aqaeous  solation  of  alnm,  throws 
down  a  large  quantity  of  white  flakes  (Vaaquelin)j  a  white  crystalline 
powder,  contaiqing  only  0*5  p.  c.  alumina  and  48*0  p.  c.  water;  probably 
therefore  an  acid  s9.It.  (Wchler.) 

%  Mellitate  0/ Manganese,  Obtained  by  saturating  nielli  tic  acid  with 
carbonate  of  manganese.  On  heating  the  liquid,  a  white  powder  is  pre- 
cipitated, which,  when  examined  by  the  microscope,  is  seen  to  consist  of 
needles  nnited  in  tufts.  This  salt  is  more  soluble  in  cold  than  in  hot 
water;  the  latter  dissolves  only  jj^  of  it.  (Karmrodt.) 

CnfiialHzed,  Karmrodt. 

2  MnO 72  ....  26-09    25*75 

C80« 96  ....  34-78    

12  HO 108  ....  39-13 40-01 

C^Mn*08+12Aq 276    ....  100-00 

Mellitate  of  Zinc.  —  a.  7Fi£&  10  Au  Water,  —  Obtained  by  neutra- 
lizing aqueous  nielli  tic  <icid  with  carbonate  of  zinc ;  it  then  separates  as  a 
crystalline  powder,  consisting  of  regular  four-sided  prisms.  Begins  to 
give  off  water  at  205^  Gold  water  dissolves  it  pretty  readily,  but  the 
salt  separates  out  again  when  the  solution  is  heated  to  55°— -60^  Dis- 
solves readily  in  dilute  acids,  even  in  mellitic  acid.  (Karmrodt.) 

Crystallized,  Karmrodt. 

2  ZnO 80  ....  3008  3000    ....     2924 

C80« 96  ....  3609  3602     ....    37-55 

10  HO    90  ...  33-83  33*67     ...    33-66 

C^ZaKj^+lOAq 266     ....  10000     9969     ....100-45 

p.  With  6  At,  Water, — Separates  on  adding  alcohol  to  the  aqueous 
solution  of  o,  in  curdy  flakes,  which  under  the  microscope,  appear  like  a 
confused  mass  of  fine  needles.  Gives  off  all  its  water  at  160°.  Much 
more  soluble  in  water  than  a,  (Karmrodt.) 

Crystallized,  Karmrodt. 

2  ZnO  80    ....  34-78  36-12  ....    35-98 

C80« 96    ....  41-74  41-70  ....     41-62 

6  HO    54     ....  23-48  2235  ....     21-57 

(?Zn208  +  6Aq..^...    230    ....100-00    100*17     ....    99-17  f 

Mellitate  of  Lead,  —  Mellitic  acid  and  mellitate  of  ammonia  form 
with  acetate  aud  nitrate  of  lead,  a  bulky  white  precipitate,  which,  when 
washed  on  a  filter,  shrinks  up  to  a  heavy  granular  powder,  insoluble  in 
water,,  but  soluble  in  nitric  acid.  (Klaproth,  Vauquelin,  Wohler.) 

If  the  mellitate  of  ammonia  be  not  dropped  into  excess  ofthe  lead-salt,  but  the  ammo« 
niasalt  be  allowed  to  predominate,  the  precipitate  contaims  ammonia.  (Schwarz.) 

Dried  at  180^.  Erdmann  St  Marahand. 

2Pb0   224     ....  70    69-74 

8C    48     ....  15     14-57 

H    ...:  0-26 

6  0    48    ....  15     15-43 


CsPb^O** 320     ....  100    100-00 


'  »l 
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Dried  aim^.  mSI^cI.       '^-^^'' 

2PbO  224     ....     66-28  675     67*05 

8C    *. 48     ....     14-20  

2  H  ,« 2    ....       0-59  ........      0-5 

8  0   64     ....     18-93  

C»PJ>«08  +  2Aq 338     ....  100*00 

IT  Ferrous  MellUate.  —  2FeO,C«Fe»6' + eHO.  —  Meliitato  of  ammo- 
nia  forms  with  ferrous  sulphate  a  greeuish  white  precipitate,  which  dis- 
appears on  heating  the  liquid;  but  on  boiling,  there  is  produced  a  lemon- 
yellow  precipitate  of  basic  ferrous  mellitate,  which  assumes  a  light  olive- 
^^reen  colour  when  dry;  and  consists  of  microscopic  crystals,  having  the 
form  of  cubo-octohedrons.  The  salt  gives  off  all  its  water  at  190^  It 
is  sparingly  soluble  in  water,  but  dissolves  readily  in  dilute  hydro* 
chloric  acid. 

Crystallized.  Karmrodt. 

4  FcO  144     ....  49*00  48-80 

0»0» 96    ....  32-65  32-51 

6  HO   54     ....  18-35  18*49 

2FeO,C«Fe«08  +  6Aq 294      ...  100*00    9980    % 

Ferric  MeUiUUe.  —  The  free  acid  added  to  a  solution  of  ferric  nitrate 
throws  down  a  cream-coloured  powder  soluble  in  hydrochloric  acid. 
(Klaproth.) 

IT  MeUUate  of  Cobalt,  —  Separates  on  neutralizing  a  warm  solution 
of  the  acid  with  carbonate  of  cobalt,  as  a  brown  glutinous  mass,  which, 
on  cooling,  solidifies  in  a  single  lump,  or  if  it  be  stirred  with  a  glass  rod 
during  the  cooling,  settles  down  in  the  form  of  a  granular  crystalline 
powder  (a).  Cold  water  dissolves  only  ^y^fl^  of  this  salt;  hot  water  a 
much  larger  quantity ;  and  the  hot  solution,  as  it  cools,  deposits  the  salt 
iu  the  form  of  a  pafe  reddish  powder  (6),  which,  under  the  microscope, 
appears  to  consist  of  short  rhombic  prisms.  (Karmrodt.) 


Cry9UUUt€d, 

75     .... 

96     .... 

108     .... 

26-88     .... 
34*41 
38-71     ... 

Karmrodt. 
a.         •                 b. 

2CoO   . 

CW   . 

12  HO 

....     2700    ....'  25-75     ....     26-33 
....     38-41     ....     39-22     ....     38*46 

CKk«)«+12Aq 279     ....  100*00 

MeUUate  of  Nichd.  —  a.  With  i^  At.  Water.  —  A  warm  solution  of 
mellitic  acid  saturated  with  carbonate  of  nickel,  deposits  a  grass-green, 
semifluid  mass,  which,  on  cooling,  becomes  turbid  and  more  compact, 
and  may  be  washed  by  kneading  between  the  fingers  under  water.  The 
salt  becomes  hard  and  glossy  by  exposure  to  the  air,  assuming  exactly 
the  appearance  "of  chrysoprase.  Gives  off  8  At.  water  at  100°,  and  6 
At.  more  at  1 80%  the  last  2  At.  ^oing  off  at  300^.  Dissolves  slowly  in 
water,  readily  in  hydrochloric  and  nitric  acid.  (Karmrodt.) 


^Air'dried. 
75    .... 

23*81     .... 
30*47     .... 
45*72     .... 

Karmrodt. 

2  NiO 

....     23-95     ....     23-64 
....     45*58     ....     46*16 

^ 

CH)«J 

16  HO  

96    .... 

144     .... 

46*24 

C"N?0»+l6Aq 315    ....  10000 
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p.  With  6  At.  Water.  —  The  Hquid  from  which  the  preceding  salt  has 
been  deposited,  yields  by  evaporation  delicate  rhombic  prisms^  with  two 
dihedral  summits;  dissolves  in  water  much  more  readily  than  a. 
(Kannrodt.) 

CrystcUtMed.  Kamrodt. 


2  NiO 

75     .. 

..     42-67 
.     24-00     ... 

....    32-65    ....    32-27    .. 
....     24-43     ...    24-69     .. 

..    3301 

C80« 

6  HO  

96    .. 

64     .. 

..     24-11 

C?Ni208  +  6Aq 225     ....  10000    1[. 

Cvprie  McUifate,  —  a.  Neutral.  —  1.  Obtained  by  mixing  the  boiling 
solutions  of  mellitic  acid  and  cupric  acetate^  in  the  form  of  flakes,  whic^ 
during  washing  lose  a  portion  of  their  acid,  and  become  crystalline  and 
neutral.  (Erdmnnn  k  Marchand.) 

2.  Neutral  roellitute  of  ammonia  fonns  with  cupric  sulphate,  a  bnlky 
pale  blue  precipitate,  which  shrinks  in  washing  to  a  light  blue  crystalline 
powder;  it  contains  20  p.  c.  water.  (Wohler.)  The  precipitate  obtained 
with  mellitate  of  ammonia  or  potash  retains  small  quantities  of  the 
alkali,  (^rdmann  &  Marchand  ) 

Prepared  h,  (1)  ;  air-dried,  Erdm.  &  March. 

8C 48     ....     19-35  19-42 

8  H 8     ....       3-23  3-23 

2CuO    80     ....     32-26  32  43 

14  0 112     ....     45-16     44-87 

— .- 

C8Cu208+8Aq 248     ....  100*00    100*00 

IT  When  this  salt  is  subjected  to  dry  distillation,  water  passes  over, 
and  an  oily  and  a  crystalline  body  volatilize;  these  may  be  separated  by 
distillation  with  water,  the  oil  then  passing  over  first,  anjl  the  solid  body 
separating  from  the  residual  liquid  in  yellowish  white  crystalline  flakes, 
which,  from  an  analysis  made  witli  a  very  small  quantity  of  substance, 
appecred  to  contain  75*1  p.  c:  carbon,  and  3'3  hydrogen,  corresponding 
to  the  foripula  C^^H^O".  (Erdniann.)  If. 

b.  Acid.  —  Free  mellitic  acid  forms  with  cupric  acetate  (but  not  with 
the  hydrochl orate,)  a  precipitate  of  the  colour  of  verdigris.  (Klaproth.) 
It  forms  with  cupric  acetate  a  thick  light-blue  precipitate,  which  changes 
to  crystals  when  left  for  several  days  in  the  liquid.  The  crystals,  after 
drying  at  100 ^  do  not  give  off  any  more  water  till  they  are  heated 
enough  to  blacken  and  decompose  them.  (Licbig  Sc  Pelouze.)  They  are 
blue  crystals  which  give  off*  three-fourths  of  their  water  at  100°,  but  do 
not  part  with  the  last  fourth  completely,  even  at  230^".  (Schwarz.)  — 
The  thick  blue  jelly  obtained  by  cold  precipitation  of  cupric  acetate  with 
mellitic  acid  in  concentrated  solution,  becomes  filled,  after  remaining  for 
some  time  in  the  liquid,  with  crystalline  points,  which  grow  into  small, 
transparent,  dark  blue  crystals;  if  the  jelly  be  pressed  immediately  after 
precipitation,  a  white  mass  is  obtained,  which,  on  drying,  becomes  blue 
and  crystalline.  (Erdmann  k  Marchand.) 

« 

Calculation,  according  to  Gm. 

16  C  96  ....  20-64 

1^  H 17  ....  3-65 

SCuO 120  ....  25-81 

29  O 232  ....  49-90 


C»Cu«08,C»HCuO»+16Aq....     465     ....100-00 
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CalcuUtion,  according  to  Erdm.  &  March.  ^^^?:  *  *'**T'^ 

12  C 72  ....  21-69     21-06 

12  H 12  ....  3-61     3-59 

2  CuO 80  ...  24-10     25-51 

21  O  168  ....  50-60     49-84 

2CnO,3C*0»,  +  12Aq 332    ....  10000    10000 

Cupro-mellUdte  of  Ammonia.  — ^  Tho  dark  bluo  solution  df  neutral 
cupric  mellitate  in  ammonia,  yields  on  evaporation,  dark  blue  rliombo- 
Learal  crystals,  which  turn  green  and  give  off  ammonia  when  exposed  to 
{he  air.  (Wohler.) 

Ammonio-cupric  Mellitate,  —  a.  With  a  comparatively  large  propor- 
tion ofmellUate  of  ammonia.  —  Dark  blue  crystals  permanent  in  the  air. 

(Wdhler.)     [Perhaps  «  C«N  H<CuO»  +  ^Aq.] 

h.  With  a  smaller  proportion,  —  The  precipitate  which  mellitate  of 
ammonia  forms  with  cupric  sulphate.  Sky-blue  microscopic  crystaU 
#hioh  at  120®  slowly  give  off  27*3  p.  c.  water,  with  a  trace  of  ammonia) 
ahd  itssUme  a  greenish  blue  colour. 

Atr-drycd  Crystals,  Erdm.  5t  March. 

16  C  90  ....  19-92  19-53 

N  14  ....  2-90  3  0-4 

20  H  20  ....  4-15  4-35 

3  CuO 120  ....  24-90  23*20 

29  O  232  ....  48-1:J  49'8S 

C«Cu*0»,C8NH^Cu08  +  l(}Aq 482     ...10000    100  00 

According  to  Erdmann  &  Marchand,  the  formula  of  the  salt  h  NH'OfC^O'-h 
3(CwO,C»t)3.HO)  +  15Aq. 

The  filtrate  obtuiaed  in  precipitating  cupric  sulphate  with  mellit^ite  of  ammonia, 
depOiiits,  on  addition  of  ammonia,  a  light  green  basic  sall^  which,  in  the  air-dried  stite, 
contains  8-45  p.  c.  C,  0-74N,  2*34H,  5109CaO,  OOoSO'  and  25-330.  (Erdmann  & 
Marchatid.) 

Mellitaies  of  Mercury,  —  Mellitlc  acid  forms  with  nicrcurous  and 
also  with  mercuric  nitrate,  a  white  precipitate  soluble  in  nitric  acid. 
(Klaproth.) 

H  Mercurotu  Mellitate,  —  Mcrcurous  nitrate  forms  with  free  mollitie 
acid  and  alkaline  mellitates,  a  very  fine-grained,  white  precipitate,  nearly 
insfduble  in  water,  but  readily  soluble  in  nitric  acid.  Gives  off  its  water, 
amounting  to  6"5D  p.  c.  (4  At.)  at  190^  (Karmrodt ) 

Vried  at  1 00**.  Karmrodt. 

2  Hg^O  41G  ....  75  92  76-56 

CW    96  ....  17-52  

4  HO 36  ....  G-j6  6-59 

C9il^OS+4Aq 548     ....  10000 

Mercuric  Mellitate,  —  T^Iellitic  acid  and  mercuric  oxide,  triturated 
together  with  a  small  quantitV"  of  water,  and  gently  warmed,  unite  into 
a  white  granular  mass.  Alkaline  mellitates  and  even  free  mellitio  acid 
added  to  a  solution  of  mercuric  nitrate,  throw  down  bulky  white  pre- 
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cipitate,  which^  after  drying,  forms  hard,  heavy  lumps,  soluble  in  hoi 
strong  nitric  acid,  and  not  reprecipitated  therefrom  by,  ammonia.  The 
salt  gives  off  its  water,  amounting  to  10*  37  p.  c  (4  At.)  at  200^ 
(Karmrodt.) 

Dried  at  lO0^  Karmrodt. 

2  HgO   216  ....  6208  61-50 

C^O*    96  ....  27-59  

4  HO 36  ....  10-33  10*37 

(?Hg205  +  4Aq 348     ....  100-00  IT 

MelliUUe  of  Silver. -^1.  Obtained  by  precipitating  nitrate  or  acetate 
of  silver  with  mellitic  acid.  (Vauquefin,  Wohler,  Erdmann  &  Mar- 
chand.)  —  2.  By  precipitating  an  excess  of  nitrate  of  silver  with  mellitate 
of  ammonia,  dropping  the  latter  solution  into  the  former  (Schwan.) 
Without  this  precaution,  the  precipitate,  as  Erdmann  &  Marohand  foun<^ 
retains  a  small  quantity  of  ammonia  and  water,  and  assumes  a  violet- 
brown  colour  when  heated.  (Schwarz.)  —  The  precipitate  is  silky,  and 
imparts  to  the  liquid  the  appearance  of  soapy  water.  ( Vauquelin.)  After 
drying,  it  forms  a  white  powder  (Wbhler);  a  shining  scaly  powder, 
which,  under  the  microscope,  appears  to  consist  of  transparent,  colour- 
less, square  tables,  often  with  truncated  summits  (Erdmann  &  Mar- 
chand);  does  not  blacken  when  exposed  to  light  (Liebig  &  Pelouze); 
remains  white  even  at  200^.  (Schwarz.)  The  mellitic  acid  may  be 
reproduced  by  the  action  of  hydrosnlphuric  or  hydrochloric  acid,  even 
from  the  salt  dried  at  180°.  (Liebig  &  Pelouze.)  At  a  higher  temperature, 
the  salt  deflagrates,  and  leaves  metallic  silver  (W5hler);  the  decomposition 
is  not  attended  with  electric  excitement.  (Erdmann  &  Marchand.) 
The  residue  consists  of  tumefied  carboniferous  silver.  (Liebig  &  Pelonze.) 
In  a  stream  of  hydrogen  at  100°,  the  salt  quickly  blackens,  with  forma- 
tion of  water,  and  a  loss  of  weight  corresponding  to  half  the  oxygen  of 
the  oxide  of  silver;  the  residue  dissolves  in  water,  forming  a  dark  brown- 
yellow,  very  acid  liquid,  which  quickly  changes,  with  deposition  of 
silver  specula,  into  a  solution  of  mellitate  of  silver  in  free  mellitic  acid. 
Hence  the  hydrogen  produces  mellitate  of  suboxide  of  silver.  (Wohler, 
Ann.  Pharm.  30;  also  Pogg.  4G,  629.)  The  salt  dried  at  1 80^  and  heated 
with  iodine,  yields  iodide  of  silver,  and  a  white  crystalline  sublimate, 
which  has  a  rou^h,  sour  taste,  reddens  litmus  strongly,  dissolves  readily 
in  water,  and  is  perhaps  a  compound  of  CK)*  with  iodine.  (Liebig  h 
Pelouze.) 

Liebig  &  Pelouze.  Erdmann  &  Marchand. 

a.  b,                  c.                  d, 

8  C 48     ...     14-63     ....     14-73     ....  14-53     ....     1455     ....     1437 

2  Ag 216     ....     65-86     ....     65-71     ....  ....                  ....     65-90 

8  0 64     ....     19-51     ....     19  56    .... 

H ....                 ....                 ....  0-08     ....       0-10    ....      0-13 


C8Ag«08 328     ....  100-00        10000 


a  was  dried  in  yacno  at  180**  [as  it  blackened  daring  drying,  it  appears  to  have 
contained  ammonia].— &  is  the  salt  prepared  by  (1).  dried  in  vacuo  at  130**. — c  is  a  salt 
containing  ammonia,  dried  in  vacuo  at  100^— i,  the  same,  dried  in  the  air  at  100*. 

Melliiate  of  Silver  and  Potassium,  —  A  mixture  of  nitrate  of  silver 
with  mellitate  of  potash  containing  nitric  acid,  yields  no  precipitate,  but 
after  a  while  deposits  small  transparent  prisms  having  a  strong  lustre 
(Fig.  70)  tt'  :  t*  =  1?^'  59';  tt'  :  <  ==  1 10^  11'  [1 5'  1].     The  crystals,  when 
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heated,  first  become  opaque  from  loss  of  water,  and  then  suddenly  swell 
up  with  a  kind  of  explosion;  forming  a  long,  involred  mass,  consisting  of 
silirer  and  carbonate  of  potash.  (Wohler.) 

^  MellUate  of  Palladium,  —  Protoxide  of  palladium,  obtained  by 
precipitating  the  protochloride  with  carbonate  of  soda  at  a  boiling  heat, 
neutralizes  mellitic  acid  completely.  The  brown  liquid  deposits  no  crys- 
tals, even  when  evaporated  to  a  syrup,  but  on  evaporation  to  dryness, 
leaves  a  brown  amorphous  residue  of  mellitate  of  palladium.  (Karmrodt) 

MellUate  of  Palladium  with  Ammonia.  —  Mellitate  of  palladium 
dissolves  in  ammonia,  forming  a  colourless  liquid,  which,  on  evaporation, 
deposits  colourless  rhombic  prisms  often  macled  in  twos  and  threes.  The 
salt  gives  off  all  its  water  (4  At.)  at  150^,  together  with  a  small  quantity 
of  ammonia.  (Karmrodt.) 

Crystallized,  Karmrodt. 

4NH»   68-0    ....  21-08  

2  PdO    122-6     ...  3800  37-90     ....     37*82 

C80«   96-0    ....  29-76  

4  HO 36-0     ...  11-16  12-72     .■■     12-32 

4NH3.C«»Pd208  +  4Aq     322*0     ....  10000 

Dry  protochloride  of  palladiam  dissoWes  readily  in  concentrated  melUtIc  acid,  form* 
ing  a  brown  aolution.  Ammonia  added  to  this  solution  throws  down  a  precipitate  of 
protochloride  of  palladium  with  ammonia,  which  dissolves  readily,  with  the  aid  of  heat» 
in  a  slight  excess  of  ammonia  ;  and  the  solution  when  evaporated  deposits  pointed 
crystals,  which,  when  dried  at  100^,  give  09*7-595  p.  c.  water,  and  yield  by  ignition 
32*91  p.  c.  metallic  palladium.     (Karmrodt.) 

MellUate  of  Palladium  and  Potassium,  —  Crystallizes  from  the  mix- 
ture of  the  two  salts,  evaporated  to  a  syrup,  in  indistinct  prisms  united 
in  nodules.     Deliquesces  m  the  air.  (Karmrodt,) 

MellUate  of  Palladium  and  Sodium,  —  Prepared  like  the  potassium- 
salt.  Crystallizes  in  macled  triangular  pyramids;  containing  34  p.  c. 
palladium.  (Karmrodt.) 

A  solution  of  mellitic  acid  and  urea  in  equal  numbers  of  atoms  yielded  no  crystals 
m  hen  evaporated  to  a  syrup.    Alcohol  produced  no  change  in  the  solution.  (Karmrodt.)  % 

Mellitic  acid  dissolves  readily  in  alcohol.  (Wohler.) 


Conjugated  Compound  of  Mellitic  Acid. 

Vinomellitic  Acid  P 

The  probable  existence  of  this  acid  is  established  by  the  following 
experiments: 

When  a  solution  of  mellitic  acid  in  absolute  alcohol  has  been  boiled 
for  several  hours,  it  no  longer  yields  crystals  on  cooling;  but  when 
evaporated  to  a  syrupy  consistence,  assumes  a  dark  brown  colour,  and 
afterwards  solidifies,  on  cooling,  in  a  solid,  transparent,  gummy  mass, 
which,  like  resin,  does  not  absorb  water.  Nevertheless,  when  kept  under 
water  for  some  hours,  it  becomes  white  and  opaquo  on  the  surface,  and 
after  24  hours,  through  and  through,  the  water  at  the  same  time  becoming 
sour  and  milky.     The  undissolved  portion,  after  washing  with  cold  and 
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hot  wafer,  in  whieb  it  dissolves  to  a  small  extent,  forms  a  wbite,  tasteless, 
easily  fusible  powder,  wliich  solidifies  in  a  radiated  mass  on  cooling; 
bams  with  a  smoky  flame  like  resin,  and,  when  heated  in  a  glass  tnbe, 
yields  a  residue  of  charcoal,  but  no  sublimate.  It  dissolves  sparingly  in 
not  water,  readily  in  alcohol;  the  alcoholic  solution  reddens  litmus,  and 
yields  a  milky  precipitate  with  water.  It  dissolves  readily  in  ammonia, 
forming  a  solution  which  yields  white  flakes  with  hydrocboloric  acid; 
and,  after  the  excess  of  ammonia  has  evaporated,  has  a  bitter  taste  and 
acid  reaction,  and  ultimately  leaves  a  crystalline  substance,  which  gives 
ofi*  ammonia  when  treated  with  potash.  (Wchler.) 

When  mellitic  acid,  containing  a  small  quantity  of  sulphuric  acid,  is 
boiled  for  some  time  with  absolute  alcohol,  in  a  flask  provided  with  a 
long  glass  tube,  which  is  kept  cold,  so  that  the  alcohol  as  it  evaporates 
may  flow  back  again;  then  mixed  with  baryta^water,  and  exposed  to  the 
air  till  the  excess  of  baryta  is  precipitated  as  carbonate;  afterwards 
filtered  from  the  precipitate  of  carbonate,  sulphate,  and  mellitate  of 
baryta,  and  evaporated  in  vacuo  over  oil  of  vitriol:  it  leaves  a  gummy 
mass,  probably  conMstingof  vinomcllitate  of  baryta.  This  mass  contains 
P6'57  p.  c.  BaO,  2'5S  H,  and  about  3402  C.  It  is  free  from  sulphur. 
When  burnt  in  the  air,  it  leaves  a  mixture  of  carbonate  of  baryta  and 
incombustible  charcoal.  It  moves  about  on  water  like  butyrate  of 
baryta,  and  dissolves  completely,  but  after  being  heated  to  100^,  leaves, 
when  dissolved  in  water,  a  residue  of  carbonate  of  baryta.  (Erdmann  & 
Marchand  ) 

Schwarz  did  not  saccccd  in  his  attempts  to  prepare   a  mcUitaU  qf  tlhyl  or  of 
methy  I, 


f  Fyromellitic  Acid. 


0.  L.  Erdmann.  J,  pr,  Chem,  52,  432;  abstr.  Ann.  Pkarm,  80,  281; 
Pharm.  Ccntr.  1851,  313;  Laur,  d:  Gtrk.  compl.  rend.  1851,  93; 
JaJiVe^r,  1851,  386. 

Formation  and  Preparation.  —  By  the  dry  distillation  of  mellitic  acid 
and  its  salts  (p.  3);  also  by  distilling  mellitates  with  oil  of  vitriol. 
The  best  mode  of  obtaining  it  pure  is  to  decompose  the  soda-salt  purified 
by  recrystallization  from  dilute  alcohol,  with  nitric  or  hydrochloric  acid. 

Properties.  Crystallizes  from  a  hot  saturated  aqueous  solution  in 
tables  belonging  to  the  doubly  oblique  prismatic  (triclinometric)  system. 
The  solution  has  a  strong  acid  taste  aud  reaction.  The  crystallized  acid 
gives  oflf  from  12*3  to  125  p.  c.  water  between  100""  and  120^ 


Dried  at  120". 

5  C 30    ....  47-6 

H    1     ....  1-6 

4  0 32    ....  50-8 


Or: 
IOC 
3  H 
BO 


60 
3 

64 


47-2 

2-4 

50-4 


Erdmann* 
47-3    ....    47-8 

2-3     ....       2-4 
^0-4     ....     49-8 


cnio* 


63 


100-0 


C'0H»O«....  127 


100*0    100*0 


100-0 


C?HD* 
HO  .... 


Cryxtallized, 

DO       ....       o/   0 

9    ....     12-5 


Or: 

CWH>09  127 

2H0    18 


87-6 
12-4 


C«HO<  +  Aq  72     ....  1000  C«>H80*  +  2Aq  145     ....  100*0 


Erdmsno. 
12-3    ....     12-5 
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[The  pereeatages  deduced  from  the  two  formnlfle  C'HO^  and  Ci'^H'O'^  agree  too 
doaelj  to  enable  us  to  decide  between  the  two.  According  to  the  formnla  OHO^  the 
formation  of  pyromellitic  from  mellitic  acid  may  be  represented  by  the  equation  : 

C>H-Os  =  C»HO*  +  HO  +  CO*  +  CO  +  C. 

According  to  the  formula  C^^H'O^  it  may  be : 

2C8H-0'  =  CWH30«  +  HO  +  3C0«  +  CO  +  2C.] 

Deeampotitions,  The  acid,  when  somewhat  strongly  heated,  melts 
and  sublimes  with  partial  decomposition.  The  fused  acid  heated  in  the 
air,  takes  fire  and  bums  with  a  luminous  smoky  flame. 

ComhincUions.  One  part  of  pyromellitlc  acid,  dried  at  120°,  dissolves 
in  70*42  parts  of  water  at  16^.  The  acid  likewise  dissolves  without 
decomposition  in  oil  of  vitriol,  hydrochloric  acid,  and  nitric  acid,  at  a 
boiliug  beat. 

The  PyromellUates  of  ammonia,  potash  and  soda,  arc  crystallizable, 
and  dissolve  readily  in  water,  but  are  insoluble  in  strong  alcohol.  The 
solutions  of  the  ammonia  and  soda  salts  form  with  chloride  of  barium, 
a  white  precipitate;  with  chloride  of  calcium,  a  whito  crystalline  precipi- 
tate, slowly  at  ordinary  temperatures,  immediately  on  heating;  with  cupric 
sulphate,  a  greenish  pulverulent  precipitate  if  the  solutions  are  strong; 
but  when  dilute  solutions  are  used,  small  green  crystald,  in  the  cold,  and 
a  crystalline  precipitate  if  heat  be  apj'lied;  with  neutral  acetate  of  lead 
and  nitrate  of  silver,  white  crystalline  precipitates.  The  aqueous  solution 
of  pyromellitlc  acid  forms  a  wliite  precipitate  with  acetate  of  lead,  but 
no  precipitate  with  any  other  salt. 

PyrcmellUate  of  Lime.  2C»CaO*  +  5  Aq,  or  C"HCa*0»  +  5  Aq.  Crys- 
talline. The  air-dried  salt  gives  oiT  24  6  p.  c.  water  at  120*  to  130*; 
the  dried  salt  yields  3302  p.  c.  lime. 

PyromellUate  of  Lead.  —  Obtained  by  precipitating  neutral  acetate 
of  lead  with  pyromellitic  acid  or  pyromellitato  of  ammonia  or  soda. 
White  crystalline  precipitate. 

DHtd  at  120'», 

IOC  60  ....  17'6 

H 1  ....  0-3 

7  O 56  ....  16-4 

2  PbO 224  ....  657 

2C'Pb0*  +  Aq 341     ....  1000 

Or:  Erdmann. 

a,  b, 

IOC   60     ....     17  5     ....     17  6    .... 

2  H  2     ....       0-6     ....       0*5     .... 

7  O  56     ....  •  16-4     .... 

2  PbO  224     ....     65-5     ....     65*2     ....     64-8 

C»«HPb20«  +  Aq.      342     ....  1000 

a  was  prepared  by  precipitation  with  the  free  acid ;  h  with  the  soda  or  ammonia* 
salt. 

FyromeUiiate  of  Silver.  —  Obtained  by  precipitating  nitrate  of  silver 
with  pyromellitato  of  ammonia  or  soda.  •—  Crystalline. 


16  mellitene:  nitrooen-nucleus  c«nh«. 

Erdmanii  (mesa.) 

5C....    30    ....     17-7  IOC 60    176  17-8 

H  1      0-3    0-3 

3  0....     24     ....     14-1  6  0 48    14-1     

AgO...  116    ....    68-2  2AgO 232    680    679 


C'AgO*  170    ....  1000  CWHAg»0>      341  100-0 

Pyromellitic  acid  dissolves  readily  in  Alcohol,  (Erdmann.)  IT. 


b.    Nitrogen-nucleus,    C?NHO*. 

Paramide.    c»nho*=C»nho»,o«. 

WoHLBR.  (1841).    Pogg.  52,  605;  also  Ann.  Pharm.  37,  268. 
R.  ScHWARZ.     Ann.  Pharm.  6S,  52. 

Paramid,  JHmellimide* 

Formation,    By  the  action  of  heat  on  mellitate  of  ammonia  (p.  3). 

Preparation.  Neutral  mellitate  of  ammonia  in  the  state  of  fine 
powder  is  heated  to  150^—160°  for  some  hours,  with  brisk  agitation,  in  a 
porcelain  basin  placed  in  an  oil-bath,  till  it  no  longer  gives  off  the  odour 
of  ammonia;  the  pale  yellow  powder  stirred  up  with  cold  water,  washed 
therewith  on  the  filter  till  the  water  no  longer  acauires  any  acid  reaction, 
and  consequently  no  longer  extracts  euchroate  ot  ammonia;  and  the  un- 
dissolved matter  dried.  (Wohler.)  — The  quantity  of  paramide  obtained 
is  greater,  the  more  strongly  the  mellitate  of  ammonia  has  been  heated, 
and  it  is  diminished  by  washing  with  water  at  50^,  instead  of  cold  water. 
(Schwarz.)  —  If,  however,  the  heat  be  too  strong,  the  paramide  becomes 
contaminated  with  the  yellow  bitter  substance,  which  likewise  sublimes 
in  the  decomposition  of  paramide  by  heat,  and  is  difficult  to  separate. 
(Wohler.) 

Propertiet.  White,  rather  closely  aggregated,  inodorous,  tasteless 
mass,  which  turns  yellowish  in  the.  air  by  absorption  of  ammonia,  and 
when  triturated  with  water,  acquires  the  odour  and  consistence  of  damp 
clay.  (Wohler.) 

\^^UhIer.  Schiran. 

8  C    48     ...     60-53     5M7     5001 

N   14     ....     14-74     13-47 

H   1     ....       1-06     1-65     1-52 

4  O    32     ....     3;j-67     35-00 

C»NHO*   95    ....  100-00  100-00 

[Paramide  is  not  an  amidogen-oompoimd,  but  contains  nitrogen  as  such;  for  its 
formation  is  attended  with  tlie  evolution  not  of  two,  but  of  four  atoms  of  water  to  1  At. 
ammonia.] 

Decompositions.  1.  Paramide  remains  unaltered  at  200%  but  at  a 
higher  temperature  becomes  carbonized,  and  gives  off  ammonia,  with 
sublimation  of  a  bluish-green  semifused  sabstsmce,  and  sulphur-yellow, 
very  bitter  needles.  (^Wohler.)  —  Dissolved  in  dilute  potash  it  decomposes, 
gradually  at  ordinary  temperatures,  instantly  when  heated,  with  evolution 
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of  ammonia^  and  then  no  louder  yields  a  precipitate  with  bydrochloric 
acid,  the  paramide  bein^  in  fact  converted  into  euchroic  acid,  which 
may  be  recognized  by  the  blue  deposit  which  it  forms  on  zinc^  and 
afterwards  into  mellitic  acid.  The  solution  of  paramide  in  aqueons 
ammonia  behaves  in  a  similar  manner^  excepting  that  part  of  the  euchro- 
ate  of  ammonia  formed  from  it  remains  unaltered.  (Wohler.) —*  Con- 
version of  paramide  into  euchroic  acid  : 

3CWH0*  +  4H0  =  C«NSH^O»  +  NH». 

Transformation  of  euchroic  into  mellitic  acid  : 

C»*N2H^0w  +  8H0  -  3CH208  +  2NH». 

S.  Paramide  boiled  for  several  days  with  a  large  quantity  of  water, 
dissolves  completely,  forming  acid  mellitate  of  ammonia  and  a  small 
quantity  of  euchroate;  heated  with  water  in  a  sealed  glass  tube,  it  is 
complet<ely  converted  into  acid  euchroate  of  ammonia  (Wohler): 

C8NH0*  +  4HO  =  NH',C'H«0». 

4.  Paramide  boiled  with  aqueous  acetate  of  lead  is  also  completely 
converted  into  mellitate  of  lead  and  acetate  of  ammonia.  (Wohler, 
Ann.  Pharm,  ^Q,  53.)  Nitric  acid  and  aqna-regia  neither  decompose 
nor  dissolve  paramide.  (Wohler.) 

ComhxfuUiana.  Paramide  is  not  soluble  in  water  or  in  alcohol. 
(Wohler.) 

It  dissolves  in  hot  oU  of  vitriol,  whence  it  is  precipitated  in  its 
original  state  by  water. 

In  aqueous  potash  or  amvionia,  it  swells  up  into  a  yellow  flocculent 
mass;  dissolves  on  addition  of  water;  and,  by  gradual  aadition  of  hydro- 
chloric acid  before  decomposition  {tupra)  has  commenced,  may  be  pre 
cipitated  unaltered  in  the  form  of  a  white  powder,  with  milky  turbidity. 
(Wohler.) 

Silver-compound,  When  paramide  in  excess  is  shaken  up  with 
very  dilute  ammonia,  and  the  liquid  quickly  filtered  and  mixed  with 
nitrate  of  silver,  a  voluminous,  gummy  precipitate  is  obtained,  drying 
after  washing,  into  yellow  lumps,  which  assume  a  pure  yellow  colour 
at  ]  50,  become  brown  and  give  off  ammonia  at  200^,  blacken  and  evolve 
hydrocyanic  acid  at  a  higher  temperature,  and  finally  leave  a  residue  of 
metallic  silver. — The  compound  heated  to  200^  appears  to  be  C^NAgO^; 
after  heating  to  150",  NH',C^NAgO*.  (Laurent,  N.  Ann,  Chim.  Pkys. 
23,  121.) 

Caladation,  according  to  Laurent.  . .  200° 

8C 48  ...  23-76 

N 14  .  .       6-93 

Ag   108  ....  53-47     52-74 

40 32  ...  15-84 

C«NAgO*    202     ....  100-00 

CkdeuUUion,  according  to  Laurent.  ^^  \bO°, 

8C 48  ....  21-92     22-74 

2N 28  ...  12-79 

3H 3  .  .  1-37     0-82 

Ag   108  ...  49-31     51-22 

40 32  ...  14-61 


NH»,C9NAgO*  219     ....  10000 

roL.  X. 
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[A  doMr  agraement  between  calcalalaoii  and  analysis  might  be  obtained  by  sappeainf 
that  the  yellow  compound  has  already  lost  some  of  its  ammonia  at  150®,  and  that  the 
brown  compound  still  retains  a  portion  of  ammonia  at  200°,  whence  also  it  gives  off 
hydrocyanic  acid  at  a  higher  temperature.] 


Euchroic  Acid,    C^N*H*0"=<?*Ad«0^0*. 

WoHLER  (1841).    Pogg,  52,  610;  also  Ann.  Fharm.  37,  273. 
R.  ScHWABZ.     Jbin.  Fharm,  66,  49. 

From  IvxpooQ,  having  a  beautiful  colour.  —  Euchrotudttre,  Acide  euehroique, 
Acide  mellamique  (Laurent). — Formation  (p.  16>  17). 

Preparation.  The  same  process  as  for  obtaining  paramide  (p.  16.) 
On  evaporating  the  aqueous  filtrate  obtained  in  washing  out  the  paramide, 
enchroate  of  ammonia  separates  in  white  crusts.  The  solution  of  this 
salt  in  the  smallest  possible  quantity  of  boiling  water,  supersaturated 
while  hot  with  hydrochloric  or  nitric  acid,  deposits  nearly  all  tho 
euchroic  acid,  as  it  cools,  in  the  form  of  a  white  crystalline  powder, 
which  may  be  purified  by  recrystallization  from  hot  water.  (Wdhler.)  — 
If  the  mellitate  of  ammonia  has  not  been  heated  strongly  enough,  acid 
mellitate  of  ammonia  remains  mixed  with  the  euchroate.     (Wohlei.) 

To  obtain  the  greatest  possible  quantity  of  euchroate  of  ammonia 
(and  therefore  proportionally  less  paramide)  from  the  pale  yellow- 
residue  produced  by  roasting  mellitate  of  ammonia,  the  residue  should 
be  digested  with  a  small  quantity  of  water  at  40° -50'";  the  liquid 
filtered;  the  undissolved  portion,  after  removal  from  the  filter,  agaia 
treated  with  a  small  quantity  of  water  at  40°  to  50°;  the  solution  again 
filtered,  &o.  &c.  as  long  as  the  filtrate  contains  enchroate  of  ammonia. 
The  filtrates  must  then  be  added  by  drops  to  tolerably  strong  hydro- 
chlorio  acid,  which  will  separate  the  euchroic  acid  in  crystalline  scales; 
these  scales  washed  several  times  on  the  filter  with  cold  water,  then 
pressed,  and  recrystallized  several  times  from  hot  dilute  nitric  or  hydro- 
chloric acid,  whereby  the  ammonia,  which  adheres  with  considerable 
obstinacy,  will  be  completely  removed.  The  mother-liquor  of  the  crystals 
still  contains,  besides  saI>ammoniac,  a  small  quantity  of  euchroic  acid, 
which  may  be  reconverted  into  mollitic  acid  by  evaporation  to  dryness 
and  boiling  with  aqueous  ammonia,  and  recovered  by  precipitation  with 
a  baryta-salt,  or,  after  driving  off  the  excess  of  ammonia,  with  a  copper- 
salt.     (Schwarz.) 

Properties,  The  dry  acid  is  colourless  and  opaque;  its  aqueous 
solution  reddens  litmus  strongly  and  tastes  like  cream  of  tartar. 
(Wohler.) 

Dried  at  20C».  Wbhlcr.  Schwarx. 

24  C    144     ....  47-37  48-66     47'44 

2N   28     ....  9-21  10-98     9'18 

4H    4     ...  1-31  1-66     1-46 

16  O    128     ...  4211  38  70     4192 

C«N»H*0>« 304     ...  100-00     100  00     100*00 

W5hler  himaelf  states  that  the  nitrogen -determination  is  not  to  be  depended  on< 
[The  acid  may  be  regarded  either  as  a  mellitic  acid  conjugated  with  paramide : 

C«H«08  +  2C«NHO*  «  C?^N2H40W 
or  aaa  bibasic  acid,  C^AdH)^,0^,  whose  nucleus,  like  that  of  mellitic  add)  contains  twice 
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W  many  atoms  of  carbon  as  other  atoms.  —  The  formula  C^NH'O*,  proposed  for  this  acid 
fay  Laurent  (iST.  Ann,  Chirn,  Phys.  23,  121),  does  not  ngree  either  with  the  analysis  of 
the  add  or  with  that  of  its  salts.  Gerhardt  however  suggests  {Compt,  rend.  1849, 
209)  that  the  add  may  have  been  partially  decomposed  by  drying  at  200^  before  it  was 
analysed.] 

DecomposUiotis.  The  ucid  remains  nnaltered  at  280^,  but  at  a  higher 
temperature  melts,  boils,  and  decomposes,  yielding  hydrocyanate  of 
ammonia,  and  a  dark  green,  bitter  sublimate.  (Wobler.)  —  2.  Zinc, 
protoxide  of  iron,  or  the  electric  cnrrent,  throws  down  from  an  aqueous 
solution  of  eucbronic  acid,  a  dark  blue  substance,  called  Euchrone^  of 
unknown  composition,  insoluble  in  water,  but  dissolving  with  purple 
colour  in  alkalis,  and  quickly  oxidizing  again  in  the  air  to  euchroic 
acid.  (Wohler.)  —  The  deep  blue,  closely  adhering  deposit  with  which 
zinc  becomes  covered  in  the  aqueous  acid,  detaches  itself  on  immersion 
for  a  short  time  in  very  dilute  hydrochloric  ncid,  and  may  then  be 
collected  on  a  filter,  washed,  and  dried.  The  black  mass  thus  obtained, 
which  is  free  from  zinc,  is  instantly  oxidized,  by  the  slightest  beating,  and 
converted  into  euchroic  acid  ;  it  dissolves  in  aqueous  ammonia  or  potash, 
with  a  more  splendid  colour  than  that  of  permanganate  of  potash;  but  the 
fiolntion  becomes  decolorized  from  above  downwards,  on  exposure  to  the 
air,  and  yctj  quickly  if  agitated.  In  the  boiling  acid,  zinc  acquires  a 
similar  coating,  but  a  trace  of  gas  is  evolved  at  the  same  time,  and  the 
liquid  deposits  a  white  powder,  probably  mellitate  of  zinc.  —  A  mixture 
of  aqueous  euchroic  acid  and  protochloride  of  iron  forms  with  alkalis 
a  thick,  deep  violet-coloured  precipitate,  which  immediately  becomes 
rust-brown  on  exposure  to  the  air,  and  dissolves  without  colour  in  hydro- 
chloric acid,  because  the  resulting  sesquioxide  of  iron  is  reduced  to  the 
state  of  protoxide  by  the  eucbrone,  which  is  thereby  reconverted  into 
euchronic  acid.  These  phenomena  are  not  produced  by  protochloride  of 
tin  or  protochloride  of  manganese. — Platinum  in  galvanic  conil»ination 
wkh  zinc  does  not  act  upon  the  aqueous  acid,  but  decomposes  its 
ammonia- salt.  (Wohler.)  —  The  aqueous  acid  is  likewise  decomposed 
by  the  calvanio  current,  and  covers  the  negative  platinum  with  a 
deep  blue  deposit,  which  however  soon  ceases  to  increase.  —  Euchrone 
18  not  produced  by  the  action  of  sulphuretted  hydrogen,  sulphurous 
acid,  hyposulphites,  or  arsenites  (Schwarz).  —  3.  Euchroic  acid  mixed 
with  a  quantity  of  water  not  sufficient  to  dissolve  it  in  its  unaltered 
state,  and  heated  to  200^  in  a  sealed  glass  tube,  dissolves  completely 
in  the  form  of  acid  mellitate  of  ammonia.     (Wohler.) 

C«N«H<0"  +  8H0  •  2NH3  +  SC^^H^OS. 

£nchroie  acid  dissolved  in  water  does  not  decompose  when  boiled  in 
contact  with  the  air.  Hydrochloric  acid  and  nitric  acid  exert  no  de- 
composing action  upon  it.     (Wohler.) 

Combiftationf,  With  Water.  —  a.  Bydrated  Euchfok  acid.  —  The 
crystals  obtained  by  cooling  the  hot  aqueous  solution,  are  colourless, 
transparent,  very  short  prisms,  ma<tled  in  a  peculiar  manner  (Wohler); 
crystalline  scales.  (Schwarz  )  When  heated,  they  become  opaque  from 
]o8s  of  water,  which,  after  they  have  been  heated  to  200°,  amounts  to 
10-54  p.c.  f4  At.)   (Wohler^— 6.  The  acid  dissolves  very  sparingly  in 

cold  water,  oetter  in  hot.    (Wohler.) 

c  2 
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Euchroafe  cf  Ammonia,  —  a.  Neutral.  —  Obtained  by  eyaporating 
the  wash-water  of  paramid^  (vid.  Preparation  qf  euehroie  add),  in  white, 
scaroelv  crystalline  crusts,  which  are  decomposed  by  hydrochloric  or 
nitric,  out  not  by  acetic  acid.     (Wohler.) 

Dned  at  20C».  W5hlcr. 

24  C 144     ...     42*60     4298 

4  N 56     ,...     16-57 

10  H 10     ....       296     2-92 

16  0 128     ...     37-87 

2  NH»,C«N«H*0"  338     ....  100*00 

h.  Acid,  —  Sometimes  precipitated  from  the  aqueoas  solution  of  the 
salt  a,  instead  of  the  pure  acid,  and  separates  from  solution  in  hot  water, 
in  yellowish  crystals  larger  than  those  of  the  pure  acid.     (Wohler.) 

Schwarz's  Paramidic  Acid,  respecting  whose  relation  to  salifiable  bases  nothing  is 
yet  known,  stands  in  close  relation  to  this  salt.  For  if  paramide  be  dissolved  in 
ammonia,  and  the  solution  immediately  filtered  into  hydrochloric  acid,  paramidic  acid 
is  precipitated  as  a  white  powder,  which  under  the  microscope,  appears  to  consist  of  fine 
needles.  This  acid  gives  with  zinc  the  blue  reaction  of  euehroie  acid  ;  its  solotion  in 
ammonia,  from  which  it  may  at  first  be  precipitated  unchanged  by  hydrochloric  add, 
is  converted,  in  24  hours  at  ordinary  temperatures,  but  immediately  on  boiling,  into 
aqueous  mellitate  of  ammonia.  It  dissolves  to  a  certain  extent  in  hot  water,  and  sepa- 
rates from  the  solution  in  the  form  of  powder.  The  add  dried  without  heat  in  vacuo 
loses  3*01  p.  c.  water  at  170°.  (Schwarz.) 

Paramidic  Arid  dried  at  170**. 

24  C 144     ....  47-53  ....  47-25 

3N 42     ....  13-86  ....  13*78 

5  H 5     ....  1*65  ...  2*10 

14  0 112     ...  36*96  ....  36-87 

C?<N»H*0" 303     ....  100-00     ...  10000 

[Therefore,  add  euchroate  of  ammonia  minu»  2  At.  water.  NH'.C^N'H^O^ — 
2HO«C*«N»H«0"]. 

Euchroate  of  Ba?*^.  —  Precipitated  in  the  form  of  a  pale  yellow- 
powder,  when  baryta- water  is  dropt  into  an  excess  of  warm  aqueona 
euehroie  acid.  (Schwarx.)  [Schwarz  assigns  to  this  salt  the  formula  BaO,HO  ^ 
C^NO*  («C»«N'Ba20W)  with  which  however  his  (probably  misprinted)  analysis, 
assigning  to  the  salt  25*8  p.  c.  C,  51'4BaO  and  0'5H,  does  not  at  all  agree.] 

EueJiroaie  of  Lead. — The  boiling  aqueous  solution  of  euehroie  acid, 
mixed  with  a  dilute  solution  of  neutral  acetate  of  lead,  yields  on  cooling 
a  yellow  powder,  which  appears  crystalline  under  the  microscope.  (The 
filtrate  separated  from  this  precipitate,  deposits  mellitate  of  lead  as  a 
white  powder  when  boiled.)  The  air-dried  salt  gives  off  11*36  p.  c. 
(6  At.)  water  at  160°,  but  nothing  more  at  a  stronger  heat,  till  it  beginr 
to  decompose.  (Wohler.) 

Dried  at  100".  WShler. 

2  PbO  224     ....  42-43     42*41 

24  C 144     ....  27-27 

2  N  28     ....       5*30 

4  H   4     ....       0*76 

16  O    128     ....  24-24 

CS*Nm«Pb«OW  +  2H0  ...     528     ....  100-00 

The  suit  dried  at  100«  is  C«N«H«Pb«OW  (Schwarz). 
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BuchroaCe  of  SUver.  —  Obtained  as  a  pale  salphur-yellow  heavy 
powder,  by  precipitating  a  dilute  solution  of  nitrate  of  silver  with  a  hot 
aqueous  solution  of  euchroic  acid.  This  precipitate  redissolves  on  agi-^ 
tation,  so  long  as  only  a  comparatively  small  quantity  of  euchroic  acid 
has  been  added,  but  AiUs  down  again  as  the  liquid  cools.  When  boiling 
aqueous  euchroic  acid  is  precipitated  by  an  insufficient  quantity  of 
nitrate  of  silver,  the  filtrate  still  contains  some  of  the  salt  lu  solution, 
which  may  be  precipitated  without  alteration  by  the  addition  of  a  small 
quantity  ef  ammonia  {vid,  inf.),     Euchroate  of  silver  dried  at  150^ 

fives  on  2*11  p.c.  (2  At.)  water  at  200^  and  when  more  strongly  heated, 
eoomposes  quietly,  giving  off  a  ga^s,  which  burns  with  a  bluish  flame, 
and  has  at  first  an  aromatic  odour,  like  that  of  burning  mellitic  acid,  but 
afterwards  smells  like  cyanic  acid;  the  residue  consists  of  metallic  silver 
mixed  with  charcoal.  The  salt  is  insoluble  in  aqueous  ammonia,  but  is 
divided  thereby  into  a  white  gummy  mass,  the  greater  part  of  which 
passes  through  the  paper  when  filtered.  (Wohler.) 

Dried  at  200*.  Wdhlcr. 

24  C 144     ...  19-67 

2N 28     ....       3-83 

4  Ag 432     ....  59  01     58-53 

16  0 128        .  17-49 


C?*N5Ag*0»« 732  ....  100-00 

Dned  at  150**.  Mtfhler. 

24  C 144  ....     19-20     20*23 

2N 28  ....  3-73 

2H 2  ...       0-27     0*19 

4   Ag 432  ....     57-60     5677 

18  O 144  .  19-20 


C»N'H*0"  +  2H0  750    ....  100*00 


CAUTCUENE  SERIES. 

A.    Primary  Nucleus.    C'H*. 

Cautchene.   c^hm 


BoucHARDAT  (1837).  J,  Pharm.  28,  457;  a\ao  Ann.  Pharm.  27,  30;  also 
J.pr:Chem.  13,  114. 

Formation  and  Preparation.  —  When  caoutchouc  is  subjected  to  dry 
distillation,  and  the  receiver  connected  with  two  Wou!fe*s  bottles 
cooled  with  freezing  mixtures,  cautchene  condenses  in  these  bottles 
together  with  butylene  (C^H*).  Either  the  butylene  is  allowed  to  evapo- 
rate rapidly  from  this  mixture,  so  that  the  cold  thereby  produced  may 
cause  the  remaining  cautchene  to  solidify  in  a  crystalline  mass,  which 
must  then  be  quickly  pressed  between  bibulous  paper;  or  tlie  mixture  is 
distilled,  first  at  +10%  till  the  greater  part  of  the  butylene  has  passed 
over,  then  at  +  18"*;  the  second  distillate  cooled  to —18'';  and  the 
ciTBtals  freed  from  adhering  butylene  by  pressure  between  paper. 


22  CAUTCHENE:  OXYGEN-NUCLEUS  C«H*0=. 

Fropet*tie9»     At— 18^,  white^  opaque,  crystalline  mass,  composed  of 

needles;   melts  at  -  10^  to  a  transparent  oil  of  sp.  gr.  0*65  at  —  2°; 

boils  at  14-5^ 

fioncfaardat. 

8  C 48     ....     88-89     85-75 

6  H 6     ...     11  11  1418 

C8il«  54     ....  100-00     99-93 

[The  calculation  certainly  difTers  considerably  from  Bonchardat's  analjrsis;  bot  he 
him  elf  states  that  the  analysis  was  very  difficult  in  consequence  of  the  Tolatility  of  the 
body;  moreover  there  are  palpnble  errors  in  his  numerical  data.  The  boiling  point  for 
C^H*,  cslculaied  according  to  Gerhardt's  law  (vii.  57)  is  -f-  25**.] 

Cautcbene,  mixed  with  oil  of  vitriol,  evolves  heat^  and  forma  a  black 
mixture,  from  which  water  throws  down  a  brown  resinous  matter. 

It  is  insoluble  in  water  and  alkalis^  but  dissolves  very  readily  in 
Alcohol  and  Ether.  (Bonchardat.) 


B.    Secondaby  Nuclei. 
a.    Oxt/gen-nudd, 
a.     Oxygen-nucleus.     C^H*0'. 

Fumaric  Acid.    c«H*o»=C8H*0*,o«. 

Lassatgnb.    Ann.  Chim.  Phys,  11,  93;  also  N.  Tr.  4,  2,  231. 

Pfafp.     Schw.  47,  476. 

WixNCKLEB.  HepeH.     39,  48  and  3G8;  48,  39  and  363. 

Pelouze.     Ann.   Chim.   Phya.  56,  72;   also  Popg.  36,  53;  also   Ann. 

Pharm.  11,  263. 
Ltebiq.     Ann.  Pharm.  11,  276. 
D£MAn9AY.     Ann.  Chim.  Phys.  56,  429;    also  Ann.  Pharm.  12,    16; 

also  Pogg.  36,  bo. 
ScnoDLER.     Ann.  Pharm,.  17,  148. 
RiKCKHER.     Ann.  Phai^m.  49,  31. 
Delffs.     Pogg.  80,  435;  abstr.  Jahresher.  1850,  371. 

Lichenic  Acid,  Fumarsdurs,  FlechtensdurCj  Paramaleina&ure,  Olauciunuduret 
Acide  /umarique,  Ac.  paramaleique. 

• 

Lassaigne,  in  1819,  showed  that  in  the  dry  distillation  of  malic  acid 
there  is  produced,  besides  maleic  acid  (VIII.  150),  another  acid,  which 
was  further  investigated  by  Pelouze  in  1834,  under  the  name  of  para- 
maleic  acid.  Pfaff,  in  1826,  found  lichenic  acid  in  Iceland  moss;  and 
fumaric  acid  was  obtained  by  Winckler  in  1833,  from  fumitory.  De- 
mar9ay,  in  1834,  showed  that  fumaric  acid,  and  Schodler,  in  1836^  that 
lichenic  acid  is  identical  with  paramaleic  acid. 

Sourcex.  In  Fumaria  off.^  Lichen  islandicus,  Glaucium  luteum,  and 
CorydalU  bulbosa. 

Formation.  By  the  dry  distillation  of  malio  acid|  and  by  heatiog 
certain  malatee.  ^^ 
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Preparation.  1.  From  Fumitory.  The  aqneons  decoction  of  the 
fresh  flowering  herb,  together  with  the  roots,  after  straining,  subsidence, 
and  decantation,  is  evaporated,  first  oyer  the  open  fire  and  then  in  the 
water- bath,  to  a  thin  syrup;  and  this  S3rrup,  while  still  hot,  mixed  with 
a  small  quantity  of  hydrochloric  acid,  and  left  for  about  a  fortnight  in  a 
cool  place,  till  the  fumaric  acid  has  separated  in  hard  brown  crystals. 
The  mother-liquor  is  then  diluted  with  water  and  poured  off;  the 
crystals  washed  with  cold  water,  suspended  in  water,  and  slightly  super- 
saturated with  carbonate  of  potash;  the  filtrate  slightly  supersaturated 
-with  sulphuric  acid,  heated  in  the  water-bath,  and  filtered  from  the 
resulting  dark  brown  resinous  precipitate;  the  still  browniish  crystals  of 
fumaric  acid  which  form  on  cooling  dissolved  in  hot  water ;  and  the  solu- 
tion digested  with  animal  charcoal  and  filtered:  it  then^  on  cooling,  yields 
snow-white  crystals,  amounting  to  0*156  p.  c.  of  the  fresh  herb. 
(Winckler.)  —  Two  modes  of  preparation,  in  which  the  fumarate  of  lime 
contained  in  the  expressed  juice,  is  decomposed  with  oxalic  acid,  are  also 
given  by  Winckler.  {Eepert.  89,  368.)  —  This  salt  separates  sponta- 
neously from  the  Extracium  Fumarice,  after  two  years*  standing,  in 
crystalline  grains,  which  may  be  obtained  by  diluting:  the  extract  with 
an  equal  quantity  of  cold  water,  then  decanting  and  washing  with  cold 
water;  when  decomposed  with  aqueous  oxalic  acid,  they  yield  a  brownish 
acid,  which  may  be  freed  from  .an  admixed  red-brttwn  substance,  by 
mixing  it  with  quartz-sand  and  subliming,  or  by  solution  in  ether  and 
filtration.  (Winckler,  BepeiL  39,  48.)  —  Trommsdorff  (i^.  Tr.  25,  2, 
152,)  precipitates  the  recently  expressed  juice  of  fumitory  ^  after  sepa- 
ration of  the  scum  which  forms  on  boiling  —  with  acetate  of  lead; 
decomposes  the  washed  precipitate  with  sulphuretted  hydrogen,  and 
obtains,  by  evaporating  and  cooling  the  filtrate,  brownish  crystals  which 
may  be  purified  with  animal  charcoal.  —  A  similar  process  is  followed  by 
Pemar^ay.  IT  Delffs  washes  the  yellowish  green  precipitate  thrown  down 
by  acetate  of  lead  (after  it  has  somewhat  diminished  in  volume  by  stand- 
ing); dries  it  in  the  air  on  bibulous  paper;  rubs  it  to  powder;  stirs  it  up 
with  nitric  acid  gradually  added  (whereupon  the  mass  swells  up,  but  gives 
off  only  a  small  quantity  of  nitrous  vapours);  agitates  the  resulting  mix- 
ture of  nitrate  of  lead  and  free  fumaric  acid,  after  24  hours,  with  a  little 
water;  filters;  washes  the  residue  with  water;  and  extracts  the  fumaric 
acid  with  boiling  alcohol  of  ordinary  strength.  The  alcoholic  solution  is 
then  evaporated;  the  residue  dissolved  in  ammonia;  the  excess  of  ammo- 
nia expelled  from  the  solution  by  heating;  and  a  certain  quantity  of  lead 
which  remains  in  it,  removed  by  sulphuretted  hydrogen  (the  greater  part 
of  the  colouring  matter  also  separates  with  the  sulphide  of  lead);  the 
bifumarate  of  ammonia  brought  to  the  crystallizing  point;  the  crystals,  if 
much  coloured,  purified  by  pressure  and  recrystallization;  the  salt  then 
dissolved  in  hot  water;  and  the  solution  treated  with  nitric  acid  (which, 
if  added  in  slight  excess,  generally  effects  the  complete  destruction  of 
the  colouring  matter),  to  separate  the  fumaric  acid,  which  then,  after  the 
liquid  has  cooled,  crystallizes  out  completely,  but  only  after  a  consi- 
derable time.  By  this  process,  Delffs  obtained  more  than  5  drams  of 
pare  fumario  acid  from  20  pounds  of  the  herb.  ^. 

From  Iceland  Moss.  —  64  pts.  of  the  lichen  are  macerated  for  some 
time  in  water  containing  carbonate  of  potash  ;  the  filtrate  precipitated 
with  acetate  of  lead;  the  washed  brownish  precipitate  decomposed  with 
sulphuretted  hydrogen;  the  filtrate  evaporated;  and  the  crystals  of  the 
acid,  which  still  contain  lime,  purified.  (Pfaff.)  — The   chopped  lichen 
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is  macerated  for  six  days  with  water  and  milk  of  lime,  the  mixture 
being  frequently  stirred;  the  expressed  turbid  liquid  evaporated  to  half 
its  hulk;  acidulated  with  acetic  acid;  then  heated;  mixed  with  basic 
acetate  of  lead,  as  long  as  reddish  flocks  containing  brown  colouring 
matter  continue  to  separate;  and  filtered  hot.  The  filtrate,  on  cooling, 
deposits  white  or  brown-yellow  needles  of  the  lead-salt,  which  may  be 
decomjiosed  with  sulphuretted  hydrogen  or  sulphuric  acid,  and,  oa 
further  evaporation,  an  additional  quantity  of  the  impure  lead-salt. 
The  impure  acid  is  purified  by  boiling  with  dilute  nitric  acid,  and 
cooling  to  the  crystallizing  point.  (Schbdler.)^ 

3.  From  Glaticium  luteum,  — The  expressed  juice  is  boiled  and  pre- 
cipitated by  ammonia;  the  filtrate  evaporated;  mixed  while  still  hot 
with  a  small ^quantity  of  nitric  acid;  then  with  nitrate  of  lead;  and  left 
to  cool  till  the  lead-salt  separates,  mostly  in  the  crystalline  form. 
(Probst,  Ann.  Fharm.  31,  248.) 

4.  From  Malic  orjrom  Maleie  acid,  —  Malic  acid  is  heated  for  some 
time  to  a  temperature  a  little  above  130^,  whereupon  water  passes  over, 
togther  with  maleie  acid,  and  fumaric  acid  remains  bebind  in  the  solid 
state;  or,  crystallized  maleie  acid  is  boiled  in  a  long  glass  tube,  so  that 
the  evolved  water  may  continually  flow  back  again,  till  the  maleie  is 
converted  into  fumaric  acid.  (Pelouze.) 

Properties.  The  acid  obtained  from  malic  acid  crystallizes  from  the 
aqueous  solution,  in  broad,  striated,  colorless  prisms,  sometimes  rhombic, 
sometimes  hexagonal  (Pelouze);  —  that  obtained  from  fumitory,  in  scales 
united  in  stellate  groups  (Winckler);  that  from  Iceland  moss,  in  needles 
(Pfafif);  in  crystals  aggregated  in  cauliflower-like  tufts  (Schodler).  — The 
acid  sublimes  iu  long  white  needles.  (Lassaigne,  Winckler.) — Requires 
a  high  temperature  to  melt  it;  volatilizes  somewhat  above  200"^,  even 
before  melting  (giving  off  vapours  which  attack  the  eyes  strongly — 
Winckler);  and  sublimes  for  the  most  part  unaltered,  but  partly  resolved 
into  water  and  fumaric  anhydride.  —  It  is  inodorous,  tastes  very  aeid, 
and  reddens  litmus  strongly.  (Winckler,  Pelouze,  and  others.) 

OrystaUized.                      Pelouze.                    Liebig.  Demarcay.    Scliodler. 

a.  b.                  c,  d.  e. 

8  C  ....     48  ....     41-38     ...     41-92     ....  42-64  ...     41-63  ....     41-03     ...     41-85 

4  H ....       4  ....       3-45     ...       3-62     ....  3-76  ....       353  ...       3-56     ....       3-44 

8  0  ....     64  ....     55-17     ....     54-46     ...  53-60  ....     54-84  ...     55-41     ....     54-71 

C»H<08 116  ....  100-00    ....  10000     ....  100-00    ....  100-00    ....  100-00    ....  100-00 

a  and  c  are  paramaleic  acid  crystallized  from  water ;  b,  obtained  by  anblimation ; 
d  is  famaric,  and  e,  lichenic  acid.  • 

Peloaze,  Reickher,  and  others,  regard  the  add  as  monobasic  «C^H>0^,  Hke  maleie 
acidj  and  therefore,  in  the  hypothetical  anhydroua  state,  as  C^UO^bFu. 

Decompo»Uion$.  1 .  When  fumaric  acid  is  heated,  a  small  portion  of 
it  is  resolved  into  fumaric  anhydride  (C*H*0*),  which  volatilizes,  and 
water.  (Pelouze.)  —  2.  It  may  be  set  on  fire  by  ^a  flaming  body,  and 
then  bums  with  a  pale  blue  flame.  (Winckler.)  —  3.  When  triturated 
and  heated  with  peroxide  of  lead,  it  first  gives  off  water  and  then 
takes  fire,  without  emitting  any  odour  of  formic  acid.  (Rieckher.)  — 
4.  The  colourless  solution  of  the  acid  in  oil  of  vitriol,  turns  brown  when 
heated  (Winckler),   and  gives  off  sulphurous  acid.  (Rieckher.)  ^«  The 
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aqueoas  solution  of  the  aoid  is  not  altered  by  eight  days  boiling,  or  v^hen 
heated  in  a  sealed  glass  tube  to  250°,  not  being  in  iact  converted  into 
malic  acid.  (R.  Hagen,  Ann,  JPkarm.  SS,  276.)  —  The  acid  is  not  decom« 
posed  by  boiling  with  nitric  acid  of  sp.  gr.  1*4,  but  remains  unaltered 
when  evaporated  (Winckler),  and  separates  out  on  cooling,  with  pecu^ 
liar  whiteness  and  brilliancy.  (Demar^ay,  Schddler.)  —  It  is  not  decom- 
posed by  boiling  with  water  and  peroxide  of  lead,  or  bichromate  of  pot« 
ash,  and  does  not  precipitate  platinum-black  from  bichloride  of  platinum. 
(Rieckher.) 

Oo7nhin{zHons.  Fumaric  acid  dissolves  in  3*90  pts.  of  water  at  10^. 
and  in  a  much  smaller  quantity  of  hot  water  (Winckler)  in  210  pts. 
water  at  12^  (Lassaigne);  in  216  pts.  at  17''  (Probst). 

The  FumaratcB  are  either  neutral  =  C*H'M*0',0',  or  acid  = 
C^H'MO^O\  Some  are  crystalline,  others  pulverulent,  and  most  of 
them  have  a  mild  taste.  (Winckler.)  None  of  them,  excepting  the 
ammonia,  copper,  and  mercury  salts,  become  carbonized  till  they  are 
heated  above  250^.  (Winckler,  Rieckher.)  They  are  decomposed  by 
phosphoric,  sulphuric,  hydrochloric,  and  nitric  acid;  but  fumaric  acid 
expels  acetic  aoid  from  the  acetates.  Many  fumarates  dissolve  in  water^ 
but  none  in  strong  alcohol.  (Winckler.) 

Add  Fumaraie  of  Ammonia,  —  The  acid  neutralized  with  aqueous 
caustic  ammonia,  or  carbonate  of  ammonia,  gives  off  part  of  the  ammo- 
nia by  evaporation  in  the  air,  or  in  a  non-exhausted  receiver  over  lime 
and  oil  of  vitriol,  or  in  vacuo  over  hydrate  of  potash,  and  leaves  the 
acid  salt  in  oblique  rhombic  prisms,  truncated  on  the  acute  lateral  edges, 
readily  soluble  in  water  and  alcohol.  (Rieckher.)  —  Transparent,  colour- 
less, shining,  right  four-sided  prisms,  or  needles  united  in  stars;  they 
have  a  mild  taste,  redden  litmus,  do  not  sublime  without  decomposition, 
dissolve  readily  in  cold  water,  but  are  insoluble  in  alcohol.  (Winckler.) 
—  IT  Prisms  belonging  to  the  oblique  prismatic  (monoclinometic) 
system,  with  angles  of  about  70^  and  1 1 0%  and  terminal  faces  inclined 
to  the  acute  lateral  edges  at  angles  of  60°  and  120°;  cleavage  distinct 
parallel  to  these  terminal  faces;  in  many  crystals  the  terminal  faces  are 
replaced  by  two  faces  resting  on  the  obtuse  lateral  edges,  and  meeting  in 
the  longer  diagonal.  (Delffs.)  Pasteur  {N,  Ann,  Ckim.  Fkys,  31,  91)  also 
obtained  this  salt  in  prisms  belonging  to  the  monoclinometric  system,  and 
with  angles  of  110°,  both  with  fumaric  acid  prepared  from  fumitory,  and 
with  aoid  obtained  from  malic  acid.  T. 

Air-dried  Cryslals.  Rieckher. 

NH'  17     ....     12-78    13-7 

C8H*(0) 116    ...     87-22 

C»fl«(NH<)08. 133    ....  100-00 

Rieckher  sapposes  the  salt  to  contain  IHO  lets. 

Fumarate  of  Potash,  —  Obtained  by  neutralizing  the  acid  with  aqueous 
carbonate  of  potash  and  evaporating.  Large,  transparent,  colourless 
rhombic  tables  and  four-sided  prisms,  often  aggregated  in  stars,  perma- 
nent in  the  air,  and  having  a  mild,  scarcely  saline  taste.  (Winckler.) 
Lamine  united  in  radiating  eroups.  (Pelouze.)  The  salt  effloresces 
during  the  evafK>ration  of  its  solutibn,  but  deposits  shining  striated  prism? 
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at  tbe  bottom  of  tbe  yeesel;  sometiines  the  solution  yields  on  eTaporation, 
a  liquid  which  in  12  to  24  hoars,  is  converted  into  a  crystalline  powder. 
(Rieckher.;  The  crystals  become  opaque  at  a  gentle  neat  (Winckler), 
and  give  off  17*06  p.  c  (4  At.)  water  ut  100^  (Rieckher);  at  a  higher 
temperature,  they  melt  imperfectly,  blacken,  swell  up  to  ten  times  their 
original  bulk,  and  leave  a  residue  of  charcoal  and  carbonate  of  potash. 
(Winckler.)  The  salt  dissolves  readily  in  water  (very  readily,  according 
to  PeloujBe),  but  not  in  alcohol  (Winckler),  slightly  in  weak  alcohoL 
(Rieckher.)  From  a  concentrated  aqueous  solution,  a(  etic  acid  throws 
Qown  the  acid  potash -salt;  alcohol,  the  neutral  salt  containing  16*61  p.  c. 
(therefore  also  4  At.)  water  of  crystallization.  (Rieckher.) 

CrystcUlized.  Rieckher. 

2  KO  94-4  ....  41-33  41-42 

C8HSO«    980  ....  42-91 

4  HO  36-0  ...  15-76  17*06 

C8H8K«0»  +  4Aq 228*4     ....  10000 

b.  Add.  —  From  the  cold-saturated  aqueous  solution  of  tbe  salt  a, 
water  saturated  with  fumario  acid  .precipitates  the  salt  b  in  needles:  1  pt. 
of  fu marie  acid  is  saturated  warm  with  aqueous  carbonate  of  potash^ 
1  pt.  of  fumario  abided,  and  the  solution  evaporated  and  cooled.  (Rieck- 
her.) Shining,  tufted  needles  and  oblique  four-sided  prsms,  permanent 
in  the  air,  and  having  a  pleasant,  strongly  acid  taste.  (Winckler.)  They 
give  off  2  At.  water  at  200^  (Rieckher^  and  decompose  at  a  higher, 
temperature  like  the  salt  a.  (Winckler.)  They  dissolve  much  less 
abundantly  in  cold  water  than  the  salt  a,  plentifully  in  boiling  water^ 
are  nearly  insoluble  in  cold  alcohol  of  81  percent,  but  dissolve  sparingly 
therein  at  a  boiling  heat,  and  crystallize  on  cooling.  (Winckler.) 

Dried  at  230^  Rieckher. 

KO    47-2     ....     30-61     ....     3082 

CnV07 1070     ....     69-39 

C^H'KO?  154-2     ....  10000 

The  existence  of  a  Jumarate  of  potash  and  ammonia  is  doubtful.     (Rieckher.) 

Neutral  Fumarate  of  Soda.  —  C®H'Na*0®.  —  Tbe  salt  precipitated 
by  alcohol  from  the  aqueous  solution  is  a  crystalline  powder  containing 
10*03  p.  c.  (2  At.)  water;  when  the  solution  is  evaporated,  the  salt  cnrs- 
tallizes  in  needles  and  prisms  containing  25-12  p.  c.  (6  At.)  water.  The 
water  escapes  for  the  most  part  at  100®,  completely  at  200^,  and  the 
residue  contains  38-77  p.  c.  soda.  (Rieckher.)  Crystalline  mass  con- 
sisting of  needles,  permanent  in  the  ^ir,  having  a  faint  silky  lustre,  and  a 
warm  saline  taste;  it  behaves  in  the  fire  like  the  potash-salt,  dissolves 
readily  in  cold  water  but  is  insoluble  in  alcohol.  (Winckler.) 

It  does  not  appear  possible  to  prepare  an  Acid  fumarate  of  eoda  or  a  fumaraJte  <^ 
soda  and  potash.  (Rieckher.) 

FumarcUe  of  Baryta,  —  The  free  acid  does  not  precipitate  baryta- 
water  (Lassaigne),  or  chloride  of  barium.  (Rieckher.)  Very  dilute  solu- 
tions of  fumarate  of  ammonia  and  chloride  of  barium  mixed  together, 
deposit,  after  a  while,  colourless,  nearly  transparent  rhombic  prisms 
variously  modified,  having  a  vitreous  lustre,  and  a  very  slight  taste  with 
somewhat  acid  after-taste;  they  effloresce  readily  in  the  air,  giving  off 
15  per  cent,  of  water,  and  at  100°  the  loss  amounts  to  20*81  per  cent. 
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The  salt  takes  fire  when  held  over  a  flame,  and  leaves  carbonate  of 
baryta  mixed  with  charcoal.  It  dissolves  v*;ry  sparingly  in  water  and  is 
insofable  in  alcohol.  (Winkler.)  —  A  moderately  concentrated  aqiieoas 
mixture  of  fumarate  and  acetate  of  baryta  does  not  yield  any  deposit, 
though  left  to  itself  for  several  hours;  but  on  tfcratching  the  sides  of  the 
vessel  with  a  glass  rod,  a  crystalline  powder  is  immediately  deposited  on 
the  rubbed  parts,  and  gradually  increases.  On  mixing  the  boiling  satu- 
rated solutions,  this  powder  is  deposited  even  without  friction.  The  salt 
loses  only  0*6  p.  c  water  at  100°,  and  1  2  p.c.  in  all  at  200°;  it  is  there- 
fore anhydrous.  It  dissolves  very  slowly,  not  only  in  water  and  alcohol, 
but  likewise  in  aqueous  fumaric  and  othf^r  dilute  acids;  consequently  no 
acid  salt  appears  to  be  formed.  (Rieckher)  —  Schodler  obtained  with 
licbeaic  acid|  foar-^ided  prisms  containing  56*91  p.  o.  baryta. 


j^.  J,  Winckler.    Rieckher. 

^^^  At  100".      At  200**. 

2  BaO 163-2     .. .  6059     6034     ....     6045 

C*H«0« 98-0       .  39  01 


C8H«Ba«0»  ....     251-2     ....  10000 
Add  fdmarate  of  potash  does  not  form  a  doable  salt  with  carbonats  of  baryta. 

FumaroJU  of  Strontia,  —  Aqueous  fumaric  acid  does  not  precipitate 
strontia-water.  (Pelouze.)  From  acetate  of  strontia  it  throws  down, 
after  some  time  only,  if  the  solution  be  very  dilute,  a  white  crystalline 
powder  which  gives  off  1 9*82  p.  c.  water  at  100^,  and  20*66  p.  c.  (6  At.) 
m  all,  at  200^,  and  is  as  sparingly  soluble  in  water  as  the  baryta-salt. 
(Rieckher.) 

Dried  at  230^.  Rieckher. 

2SrO  104     ...     51-49     51*22 

CSH^fy 98     ....     48  51 

C»H*Sr*0»    202     ....  lOO'CO 

Fumarate  of  Lime,  —  Occurs  in  fumitory.  —  Fumaric  acid  does  not 
precipitate  lime-water  (Lassaigne),  or  chloride  of  calcium.  (Rieckher.) 
From  a  hot -filtered  solution  of  carbonate  of  lime  in  fumaric  acid,  or  from 
a  mixture  of  fumarate  of  potash  with  acetate  of  lime,  colourless,  shining 
scales  separate  after  a  while,  which  are  tasteless,  permanent  in  the  air, 
and  scarcely  soluble  in  water  or  alcohol.  (Winckler.)  —  An  aqueous 
mixture  of  fumaric  acid  and  acetate  of  lime  deposits  highly  lustrous 
crystals,  which  are  sparingly  soluble  in  water,  insoluble  in  alcohol,  give 
off  the  greater  part  of  their  water  at  100^,  and  the  whole,  amounting  to 
25  66  p.  c.  (6  At.)  at  200^  (Rieckher.) 

Dried  ut  230''.  Rieckher.  Winckler. 

2  CaO  56     ....     36-36     36*22     38-82 

C8H20« 98     ....     63-64 

CH'Ca^O*   ....  154     ....  10000 

Fumarate  of  Magnesia,  —  Fumaric  acid  mixed  with  aqueous  acetate 
of  magnesia  and  evaporated  to  a  syrup,  yields  no  crystals;  but  if  the 
greater  part  of  the  acetic  acid  be  expelled  by  thorough  drying  in  the 
water  bath,  and  the  residue  exhausted  with  alcohol,  fumarate  of  mag- 
nesia remains  undissolved  in  the  form  of  a  white  powdf  r,  which  gives  off 
34*46  p.  e.  (%  At.)  water  at  200%  bat  only  half  that  qoantitj  at  100^ 
(Rieckher.) 


1 
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Dried  at  200^  Eieckbcr. 

2  MgO   40      ...     29-98     2982 

C»H«0«    98    ....     71-02 

C»H«Mg20«    138     ...  100-00 

J)ried  at  100**.  Rieckher. 

2MgO 40    ....     22-99     2319 

CH  QW 134     ....     7701 

C»H*Mg20»+4Aq 174    ....  10000 

AhifnifkavoA  Chromic  Oxide  do  not  appear  to  combine  with  fumaricacid  (Rieckber); 
the  alkaline  fumarates  yield  no  precipitate  with  alum.  (H.  Rose.) 

Fumarate  of  Manganese.  —  Fiimamte  of  soda  added  to  salphate  of 
xnaiicanese  throws  down,  after  a  while,  a  small  qaantity  of  a  white 
powder.  (Winckler.)  The  acid  heated  with  aqueous  acetate  of  man- 
ganese, yields  a  yellowish  white  powder,  which  gives  off  24*7  p.  c.  (6  At.) 
water  at  200°,  and  dissolves  sparingly  in  water,  not  at  all  in  alcohol,  and 
with  decomposition  in  acids.  (Rieckher.) 

Dried  at  200^  Rieckher. 

2MnO  72     ....     4235     41*09 

C«H20«  98     ...     57-65 

CH'Mn'O*    170    ....  10000 

Antimonic  oxide  does  not  dissolve  in  a  warm  aqueous  solution  of  add  fumarate  of 
potash.     (Rieckher.) 

Fumarate  of  Zinc.  —  Obtained  by  saturating  the  boiling  aqueous 
solution  of  the  acid  with  oxide  or  carbonate  of  zinc,  and  evaporating  the 
filtrate  to  the  crystallizing  point.  Short,  thick,  oblique  four-sided  pnsms, 
colourless,  with  a  vitreous  lustre;  having  an  astringent  and  afterwards 
sweetish  metallic  taste;  permanent  in  the  air,  but  efflorescing  when 
heated;  taking  fire  and  blackening  at  higher  temperatures,  and  burning 
away,  with  residue  of  zinc-oxide;  readily  soluble  in  water;  insoluble  in 
alcohol.  (Winckler.)  —  A  solution  of  acetate  of  zinc  in  warm  aqueous 
fumaric  acid,  left  to  evaporate  in  a  warm  place,  yields  Winckler  s  air- 
permanent,  four-sided  prisms,  which  give  off  13*24  p.  c.  (6  At.)  water  at 
120'',  dissolve  in  water  and  in  weak  alcohol,  and  are  precipitated  by 
ammonia;  but  if  the  solution  be  left  to  evaporate  in  a  cooler  place, 
larger  efflorescent  crystals  are  obtained,  containing  2906  (8  At.)  water. 
(Rieckher.) 

Dried  at  \2Xf.  Reickher. 

2ZnO     80    ....     44-94     44*47 

C«H«0«   98     .  .     5506     55*53 

C»H«Zn*0»  178     ...  10000    100-00 

No  fumarate  of  zinc  and  potassium  appears  to  exist.  (Rieckher.) 

Fumarate  of  Lead.  —  a.  Sexhagic.  —  1.  Obtained  by  precipitating 
basic  acetate  of  lead  with  fumaric  aaid  [with  neutral  fumarate  of  potash  1J. 
-^2.  By  treating  the  salt  c  with  ammonia.  The  salt  does  not  part  com- 
pletely with  its  hygroscopic  water  till  it  is  heated  to  200"^,  and  bears  a 
temperature  of  230°  without  decomposition.  (Rieckher.) 

6.  Tribaric.  —  Obtained  by  precipitating  basic  acetate  of  lead  with 
acid  fumarate  of  potash.     The  white,  quickly  sinking  precipitate,  give^ 
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off  all  its  water  at  130^  and  bears  a  temperature  of  230^  without  decom- 
position. (Rieckher.) 

Soli  fl,  rfriVd  at  2ZQ\  Rieckher. 

6PbO 672    ....     87-27     86*7 

C«H«(y   98     ....     12-73 

4PbO,C»H«Pb«08  770     ...  10000 

Salt  b,  dried  at  230''.  RIecVher. 

3  PbO 336     ...     77-42    77*2 

C8H208   98     ....     22-58 

PbO,C«H«Pb>08  434     ....  10000 

c.  NetUral.  ^  MvA&ie  of  lead  is  converted  at  220^  into  famarate 
(Rieckher.)  The  dilute  potash-salt  mixed  with  acetate  of  lead  acidulated 
with  acetic  acid,  throws  down  a  white  crystalline  powder,  which  dis- 
solves on  boiling,  and  crj^stallizes  after  a  while  on  cooling,  in  white 
shining  tufta  of  needles.  (Winckler.)  The  free  acid  behaves  in  a  similar 
manner  with  neutral  acetate  of  lead.  (Lassaigne,  Pelouze).  The  dried 
salt  does  not  decompose  at  200^.  (Rieckher.)  When  heated  over  a  flame, 
it  takes  fire  and  burns  away  with  a  glimmering  light,  leaving  a  mixture 
of  lead  and  a  small  quantity  of  protoxide.  fWinckler.)  The  needles, 
after  drying  in  the  air,  contain  16*28  p.  c.  (6  At.)  water  (Pelouze);  9'3l 
p.  c.  (4  At.)  according  to  Rieckher.  The  salt  dissolves  readily  in  nitric 
acid;  with  separation  of  fumaric  acid;  it  is  nearly  insoluble  in  cold  water 
and  in  strong  acetic  acid,  but  dissolves  with  tolerable  facility  in  boiling 
water,  separating  out  again  unchanged  on  cooling.  (Winckler.)  It  is 
insoluble  in  alcohol.  (Rieckher.). 

Dried  between  140*"  and  200^  Pelouze.     Rieckher.        Winckler. 

2  PbO   224     ...     69*57     69     ....     6941     727 

C'li^O  98      ...     30-43 

C«H«Pb»0»   ....     322     ...  10000 

The  ammoma-salt  does  not  precipitate/erroi»  Mutphate,  (Winckler.) 

Ferric  Ftimarate.  —  Recently  precipitated  ferric  hydrate  does  not 
dissolve  in  aqueous  fumaric  acid,  even  with  the  aid  of  heat.  (Rieckher) 
The  aqneons  acid  forms  a  brownish  yellow  precipitate  with  ferric  sul- 
phate. (Lassaigne.)  Fumarate  of  ammonia  or  soda  forms  with  sesqui- 
chloride  of  iron  a  pale  brown-red  precipitate  insoluble  in  excess  of  the 
ammonia-salt  (whereby  it  is  distinguished  from  the  precipitate  formed  by 
succinic  acid.)  (Winckler.)  The  precipitate  is  chamois-coloured  like 
ferric  succinate.  (Pelouze.)  Mere  traces  of  ferric  oxide  remain  unpre- 
cipitated;  the  precipitate  is  cinnamon-coloured,  very  bulky,  and  difficult 
to  wash;  soluble  in  acids  but  not  in  ammonia;  and  whether  precipitated 
from  cold  or  from  hot  solutions,  contains  after  drying  at  200^,  4408  p.  c. 
ferric  oxide,  whence  its  formula  is  Fe*0',  C®H'0*.  (Rieckher.) 

Fumarate  of  CohaU,  —  The  red  mixture  of  fumarate  and  acetate  of 
cobalt  does  not  yield  crystals  by  evaporation,  but  when  mixed  with 
alcohol  after  concentration,  deposits  a  rose-coloared  pulverulent  pre- 
cipitate, which,  after  washing  with  alcohol  and  drying  in  the  air,  gives  ofi* 
15-79  p.  c.  (nearly  4  At.)  water  at  100",  and  23*84  p.  c.  (0  At.)  in  all  at 
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200^;  it  dissolves  easily  in  water  or  ammonia^  sparingly  in  weak  aleoboL 
TRieckher.) 

Dried  at  200**.  Ricclcher. 

2  CoO 75     ....     43-35     4317 

C«H«0«   98     ....     56-65 

CViHUy^ 173    ....  100-00 

FuvMraie  of  Nickel,  —  Obtained  like  the  cobalt-salt.  Pale  green 
powder,  which,  after  drying  in  the  air,  gives  off  26*49  p.  c.  (rather  more 
than  6  At.)  water,  3061  p.  c.  (8  At.)  in  all  at  SOO®,  and  at  230^  suffers 
a  total  loss  of  36*22  p.  c.  with  colouring  and  partial  decomposition.  It 
dissolves  in  water,  weak  alcohol,  and  ammonia.  (Rieckher.) 

Dried  at  200*".  Rieckher. 

2NiO 75     ....     43*35     4292 

C8H«0«   98     ....     56-65 

C»H»Ni20« 173     ....  100-00 

Cupric  Fumarate.  —  Fnmarate  of  potash  added  to  cupric  sulphate 
throws  down  a  pale  blue  crystulline  powder  soluble  in  hydrochloric  or 
nitric  acid,  insoluble  in  water  and  alcohol.  (Wincklcr.)  Aqueous  cupric 
acetate  heated  with  famaric  acid  till  the  latter  dissolves,  deposits  a  blue- 
green  crystalline  powder.  This  salt,  after  dr\  iug  in  the  air,  gives  off 
17  67  p.  c.  (rather  more  than  4  At.)  water  at  100^  and  23  61  (6  At.)  in 
all  at  200"*;  at  'J30^,  it  suffers  a  total  loss  of  48  or  49  per  ceut.,  assuming 
at  the  same  time  a  brown  colour  and  being  partially  decomposed.  It 
dissolves  rea^lily  in  nitric  acid  with  separation  of  the  acid;  slowly  in 
water  and  alcohol;  and  is  insoluble  in  boiling  fumaric  acid.  (Rieckher.) 

Dt'ied  at  200"*.  Rieckher. 

2  CuO* 80     ....     44-94     44*49 

C«H«0«   98     ....     5506 

C«H«Cu«08 178     ....  100-00 

Dried  at  lOO*.  Rieckher. 

2  CuO 80     ....     40-82     40-42 

C8H*08 116    ...     5918 

C8H«Cu*0«  +  2  Aq 196     ....  10000 

Cuprofumarate  of  Ammonia.  —  The  dark  blue  solution  of  cupric 
fnmarate  in  ammonia  yields  by  evaporation,  small,  dark  blue,  shining 
ootohedrons.  (Winckler.)  When  a  layer  of  alcohol  is  poured  upon  the 
above  solution,  the  salt  separates  in  delicate  blue,  silky  needles. 
(Rieckher.) 

Mercurous  Fumarate,  —  An  aqueous  solution  of  mercurous  nitrate 
forms  with  fumaric  acid  or  alkaline  fumarates,  a  white  crystalline  pre- 
cipitate which  suffers  no  perceptible  loss  and  no  change  of  colour  at  100^ 
(Rieckher.) 

Air-dried.  Rieckher. 

2  Hg20 416     ....     80-93     81-13 

CSH^Qg 98     ....     19-07 

C?H«Hg;*08 514     ....  10000 
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jUereurie  Fumarate.  —  The  ammonia-salt  ad^ed  to  a  solation  of  cor- 
rosive sablimate,  throws  down  a  white  powder  (Winckler);  it  does  not 
form  any  precipitate.  (H.  Rose,  Pogf;.  7,  87.)  The  potash -salt  throws 
down,  from  the  solution,  a  mixture  of  yellow  needles  and  a  white  crystal- 
line salt.  Free  fnmario  acid  gives  no  precipitate,  either  with  corro^jive 
sublimate  or  with  mercuric  nitrate;  it  aoes  not  dissolve  mercuric  oxide 
0yen  with  the  aid  of  heat.  (Ridckher.) 

Fumarate  of  Silver.  —  Free  fomario  acid  added  to  nitrate  of  silver 
throws  down  a  fine  white  powder.  (Lassaigne.)  The  acid,  even  when 
dissolved  in  200,000  pts.  of  water,  still  precipitates  silver-solution;  and 
alkaline  fumarates  precipitate  it  even  at  higher  degrees  of  dilution;  so 
completely  indeed  that  the  filtrate  shows  no  turbidity  on  the  addition  of 
hydrochloric  acid.  (Pelouze.)  The  powder,  after  being  washed  and  dried 
in  the  dark,  is  white,  tolerably  heavy,  nearly  tasteless,  and  adheres  to  the 
jngers.  (Winckler.)  It  turns  brown  when  heated,  afterwards  decom- 
poses with  slight  detonation  and  sparkling,  and  leaves  a  bulky,  velvet- 
black  mass,  which  leaves  metallic  silver  when  burnt.  (Winckler.)  When 
heated,  it  deflagrates  like  gunpowder.  (nemir9i,y,  Uieckher.)  It  dis- 
solves readily  in  nitric  acid,  with  liberation  of  fum.iric  acid.  (Winckler.) 
It  is  insoluble  in  water  (Winckler,  Pelouze),  and  is  not  decomposed 
by  continued  boiling  therewith.  (Rieckher.)  It  dissolves  readily  in 
ammonia,  and  when  the  ammonia  evaporates,  yields  delicUe  shining 
prisms,  which  give  off  potash  when  treated  with  ammonia.  (Winckler.) 

Dried  at  100".  Demar^iv.  Liebig.         Scb&dler.     Winckler. 

2  AgO    ....     232     ....     70-30  6910  ' 6989     70     72-81 

8C 48     ....     14-55  14-64 

2  H    2     ....       0-60  0-69 

6  0    48     ....     14-55  I.''v57 


C8H2AgH)«    330    ....  100-00    10000 


Fumaric  acid  dissolves  readily  in  82  per  cent.  Alcohol  (Winckler);  it 
dissolves  in  21  pts.  of  cold  alcohol  of  76  per  cent.  (Probst.) 
It  dissolves  readily  in  A't/ier.  (Winckler  <&  others.) 


Conjugated  Compound  of  Fumaric  Acid. 

TvaxiBxic  Ether.    (^•H«0«=2C*H«0,  CH'O*. 

Rob.  Hagen  (1841).    Ann  Fharm.  38,  274. 

FomcAion  and  PreparcUlon.  A  solution  of  fumaric  or  of  malic  acid 
in  absolute  alcohol  is  saturated  with  hydrochloric  acid  gas;  the  mixture 
distilled;  and  the  fumaric  ether,  which  passes  over  after  the  hydrochloric 
ether,  and  when  the  heat  has  risen  considerably,  collected  in  a  separate 
receiver  and  dried  over  chloride  of  calcium. 

Properties.  Oily  liquid,  heavier  than  water  and  having  a  pleasant 
fruity  odour. 
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16  C 96     ...     55-81 55-80 

12  H  12     ....       6-98     6-97 

8  0   64     ...     37-21     37-23 


CMH»0« 172     ....  100-00    10000 

DecomposUions.  1.  The  ether  heated  with  potash-ley,  is  resoWed 
into  famarate  of  potash  and  alcohol.  —  2.  Treated  with  aqaeoas  ammonia 
it  deposits  after  some  time,  crystals  of  fumaramide: 

C16H  Hy  +  2NHS  =  CSN2H«0*  +  2C^H«02. 
It  is  slightly  soluble  in  water.  (Ha gen.) 


B.    Oxygen-nucleus,    C*H'0*. 

Pumaric  Anhydride.   C«H«o•=c•H*o^o^ 

Pelouze.    (1834.)     Ann.    Chitn.   Phys,    ^Qy  72;    also   Ann.  f harm, 
11,  263. 

Anhydront  Fumaric  Acid;  Anhydrous  Maleic  Acid, 

Prodaced,  with  formation  of  water,  when  maleic  or  fumaric  acid  is 
heated. 

Crystallized  maleic  acid  is  rapidly  distilled,  with  change  of  receiver, 
till  nothing  but  crystallized  fumaric  acid  remains  behind;  and  the  last 
distillate  (the  first  being  watery)  is  repeatedly  rectified  in  the  same 
manner,  the  first  watery  portion  of  the  distillate  being  each  time  set 
aside,  till  the  last  distillate  passes  over  completely,  without  first  yielding 
water,  and  without  leaving  a  residue  of  fumaric  acid. 

The  anhydride  melts  at  57^  and  boils  at  ITS'*. 


8C. 
2H. 
60. 


P^lovxe. 

48     .. 

..     48-98     ... 

48-73 

2     .. 

204     ... 

2-13 

48     .. 

..     48-98     ... 

49-14 

C'HSO'  98     ....  10000    100-00 

The  anhydride  slightly  heated  above  its  boiling  point,  decomposes, 
turning  brown  and  giving  ofi*  gas.     (Pelouze). 

Peloa2e  regards  this  body  as  the  so-called  anhydrous  maleic  acid  »C^HO'.  But  as 
famaric  acid  is  formed  in  its  preparation,  it  may  just  as  well  be  anhydrous  fumaric  acid, 
I.  €.,  famaric  anhydride,  a  view  which  is  supported  by  the  fact  that  no  other  monobasic 
acid  yields  an  anhydrous  acid  or  anhydride.*  The  question  might  be  decided  by  ascer- 
taining whether  this  body  when  treated  with  aqueous  alkali  yields  a  maleate  or  a 
fiimarate.  (Gm.) 

*  This  was  written  before  Gerhardt's  discovery  of  the  anhydrous  monobasic  acids. 
[W.J 
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b.    Amdoffen-nuclei, 
a.    Amidogenrnudeus.     CAdH^ 

SulphoBinapic  Acid,   <?NH^S*=C»AdH»,s*. 

Will.  (1844.)    Ann.  Fharm.  52,  30.  —  Fnrtlior:  Ann.  Pharm.  92,  59. 
Formation.    Bj  decomposing  oil  of  mustard  with  alcoholic  potash. 

Preparation.  Oil  of  mastard  is  slowly  dropt  into  a  concentrated 
solution  of  hydrate  of  potash  in  absolute  alcohol,  care  being  taken  that 
the  liquid  does  not  get  too  hot;  the  brown-red  liquid  decanted,  after 
several  hours,  from  the  crystallized  carbonate  of  potash;  diluted  with 
water;  separated  by  a  wet  filter  from  the  oil  which  haa  sunk  to  the 
bottom,  and  the  pale  yellow  filtrate  evaporated  nearly  to  a  syrup:  this 
when  set  aside,  deposits  shining  crystals  of  the  potassium-salt.  —  If 
the  evaporation  be  carried  too  far,  a  thick  brown-red  oil  rises  to  the 
surface  of  the  liquid;  and  when  this  oil  is  dissolved  in  water,  a  yellow 
powder  separates,  which  coheres  in  lumps.  The  liquid  decanted  from 
the  carbonate  of  potash  may  likewise  be  evaporated  in  vacuo  without 
addition  of  water,  till,  in  the  course  of  a  few  days,  it  solidifies  to  a 
radiated  mass,  which  may  be  freed  from  the  oil  by  ether,  then  dissolved 
in  absolute  alcohol,  and  filtered  from  the  carbonate  of  potash.  The 
alcoholic  filtrate  contains  the  potassium-salt,  together  with  free  potash.  — 
The  potassium-salt  cannot  be  obtained  in  a  state  of  perfect  purity. 

When  the  solution  of  the  potassium-salt  diluted  with  a  moderate 
quantity  of  water  is  neutralised  with  acetic  acid,  a  yellowish  turbidity 
is  produced,  arising  from  separated  sulphur.  The  liquid  filtered  there- 
irom,  which  is  inodorous,  even  when  heated,  forms  with  acetate  of  lead- 
a  lemon-yellow  precipitate,  which  soon  becomes  yellowish-red  and  after- 
wards black,  the  odour  of  oil  of  mustard  being  then  evolved  with  conti- 
Bually  greater  intensity.  The  green  precipitate  obtained  with  copper- 
salts  likewise  turns  brown  and  afterwards  black,  and  still  more  quickly, 
the  precipitate  obtained  with  nitrate  of  silver,  the  odour  of  oil  of  mustard 
being  perceptible  in  each  case.  These  three  precipitates  decompose 
even  when  they  are  immediately  thrown  on  a  filter  and  washed  with 
cold  water. 

To  obtain  the  lead  salt  undecomposed,  the  liquid  filtered  from  the  oil, 
after  dilution  with  water  (i^.  sup.)  is  diluted  with  200  times  its  bulk  of 
water,  neutralized  with  acetic  acid,  which  at  this  degree  of  dilution 
produces  no  turbidity,  and  precipitated  by  acetate  of  lead. 

The  finely  divided  precipitate  aggregates  on  agitation  in  lemon-yellow 
eordy  flakes,  which,  after  the  greater  portion  of  the  liouid  has  been 
decanted,  must  be  quickly  thrown  on  the  filter,  washed  with  cold  water 
(till  the  wash-water  is  no  longer  acid),  pressed  between  a  large  quantity 
of  paper,  and  dried  as  quickly  as  possible  in  vacuo  over  oil  of  vitriol. 
During  these  processes,  however,  a  certain  amount  of  decomposition 
always  takes  place,  from  formation  of  oil  of  mustard  and  sulphide  of 
lead,  the  latter  causing  a  yellowish  grey  or  even  black  colouring.  At 
100°,  this  decomposition  takes  place  completely,  colourless  drops  of  oil  of 
mus^ird  distilling  over,  while  sulphide  of  lead,  mixed   with   sulphur, 

TOL.  X.  D 
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remains,  without  any  evolution  of  water  or  carbonic  acid.  [But  sulpbu- 
retted  hydrogen  might  be  evolved,  according  to  the  equation  :  C^NH''PbS*  =  C^NH*S'  + 
PbS  +  HS;  as  no  moans  were  adopted  to  prevent  access  of  air,  this  sulphuretted 
hydrogen  may  have  been  partially  decomposed,  inasmuch  as  Will  found  the  sulphide 
of  lead  mixed  with  sulphur.] — With  sulphuric  acid,  the  lead-salt  gives  off 
abundance  of  sulphuretted  hydrogen,  without  the  slightest  odour  of  oil 
of  mustard.  —  The  potassiura-salt,  when  heated,  likewise  yields  oil  of 
mustard  and  a  brown  liver,  and  with  sulphuric  acid,  a  large  quantity 
of  sulphuretted  hydrogen,  but  no  sulphur. 

Win. 

8  C   48  ....  20-34  19*72 

N  14  ....  5-93  5-01 

CH  G  ....  2-54  2G6 

Pb 104  ....  44-07  45-20 

4  S    64  ....  27-12  26-73 

CSNHspbS^  236     ....  10000     99*32 

•f.  Will  regards  solphosinapic  acid  as  a  ccmpotind  of  salphocyanide  of  allyl  (CH*), 
with  sulphuretted  hydrogen :  C^NH'S*  =  C«Hs,C=NS2  +  2H S  =  ^5 }  ^  +  H  }  ^-  ^^' 
hardt  regards  it  as  sulphocarhamic  acid  in  which  1  At.  H  is  replaced  by  ftllyl. 

Sulphncarhnmic  acid.  Allylsulphocarhamic  acid. 

NH«(CS)«.  SI  NH(C«H»)  (CS)»  .  Si 

11  .8/  H.Sf 

The  sulphosinapates  may  also  be  readily  obtained  by  mixing  oil  of 
mustard  with  the  alcoholic  solutions  of  the  corresponding  hydrosnlphatas. 
In  this  manner  the  whole  of  the  oil  of  mnstard  may  be  converted  into 
sulphosinapic  acid. 

Sulphosinapatt  of  Ammonium.  ^^  When  oil  of  mustard  is  dropt  into 
a  colourless,  saturated  solution  of  hydrosulphate  of  ammonium.  NH^,H 
the   odour  of  the   latter   immediately  disappears,  the  liquid  beooming 
strongly  heated  and  solidifying  in  a  few  minutes  to  a  magma  of  colour 
less  ]amin89  of  the  sulphosinapate. 

Will. 

....     3200     31*70     ....     31*36 

...      6-66     6*90    ....       6-77 

...     18*67     17*40 

...     42  67     4303     ....     4S  30 


• 

8  C 

Crystallized. 

18 

10  H 

10 

2  N 

28 

4  S  

64 

C8NH«(NH0S^ 150     ....  100-00     ....         99*03 

This  salt  has  but  little  stability,  decomposing  by  keeping. 

Sulphosinapate  of  Potassium.  ^-^  Kn  alcoholic  or  even  an  aqueous 
solution  of  hydrosulphate  of  potassium,  to  which  mustard-oil  is  added  as 
long  as  the  odour  of  the  latter  is  destroyed,  yields  by  slow  evaporation 
in  vacuo  —  provided  the  quantity  of  material  be  not  too  small  —  large 
rhombic  tables  often  an  inch  m  diameter;  by  quicker  evaporation, 
needle-shaped  crystals  are  formed.  These  crystals  are  transparent  and 
colourless  so  long  as  they  remain  in  the  liquid;  but  when  exposed  to 
the  air»  they  become  opaque  and  yellow,  losing  their  form  and  becoming 
partially  insoluble  in  water,  which  then  leaves  a  viscid  sulphur-coloured 
residue.  —  The  aqueous  solution  of  the  recently  prepared  salt  may  be 
heated  without  giving  off  the  odour  of  mustard-oil;  but  on  mixing  the 
heated  solution  with  nitrate  of  silver,  sulphide  of  silver  is  precipitated. 


SULPHOSINAPIC  ACID. 


and  tbe  odoar  of  mnstard-oil  becomes  immediately  perceptible;  the  dried 
compoand  likewise  gives  off  mustard-oil  when  heated. 


Oj-ystallized, 
8C 

.     48-0 
6-0 
.     140 
.     64  0 
.     39-2 

....     2804 
....       3-50 

••••        o.lo 

...     37-38     

. ..     22  90     

WiU. 

6H '. 

N .; 

4  S 

38-09 

K 

22-50 

C8NH»KS* 

.  171-2 

....  100-00 

■      * 

SulphoiinapcUe  of  /Sb^ftum.  *— Obtained  by  mixing  a  warm  alcoholic 
aolation  of  hydrosalphate  of  sodium  with  mnstard-oil  ap  long  as  the 
odour  of  the  latter  is  destroyed.  Separates  in  nacreous  laminffi,  which 
are  unctuous  to  the  tourh,  and  when  heated,  first  melt,  find  then  give  off 
abundance  of  mustard-oil.  The  salt  contains  6  At.  water  of  crystal- 
lization.    It  cannot  be  kept  without  decomposing. 


CrydtaUited. 
8  C    48-0 

....     22-96     .... 

....        0*74      •••• 

....      6-69 
.. .     30-60 
....     22-96 
....     11-05     .... 

WiH. 
....     23-70 

12  H  12-0 

....      5-93 

N   14-0 

4  8    64-0 

6  O  48-0 

Na   23-1 

...     11-20 

C8NH«NaS^  +  6Aq 209*1 

....  100-00 

StUphonnapate  of  Barium.  —  1.  Obtained  by  heating  oil  of  nuutard 
with  a  solution  of  sulphide  of  barium  supersaturated  with  sulphuretted 
hydrogen  and  mixed  with  a  little  alcohol  —  2.  By  diffusing  hydrate  of 
baryta  and  oil  of  mustard  in  water,  adding  alcohol,  and  passing  sulphu- 
retted hydrogen  through  the  liquid.  —  3.  It  is  likewise  deposited  from 
the  mother-liquor  of  the  alcoholic  solution  of  the  compound  of  mustard- 
oil  with  sulphide  of  barium  (p.  49).  —  Forms  crystalline  laminsa  like 
the  soda-salt,  and  very  easily  soluble. 


8C  

Cfryt 

lUUlized, 

..     48-0 
..     10-0 
..     140 
..     640 
..     32-0 
..     68-6 

....     20-20     .... 

....       4-23    .... 

...       5-95 

....     27-05     .... 

....     13-57 

....     2300     .... 

WiU. 
a. 
....     19-90 
....      4-60 

....     26-50 

....     30-44     .... 

b. 

10  H 

N 

4  S  

4  O 

Ba 

30-4 

C5«NH«BaS«  + 

4Aq. 

236-6 

....  100-00 

a.  Prepared  by  method  (3);  5,  by  method  (1). 

Sulphosinapate  of  Calcium,  —  When  milk  of  lime  is  mixed  with 
mustard-oil,  a  little  alcohol  added  to  dissolve  the  latter,  and  sulphuretted 
hydrogen  in  excess  passed  through  the  liquid,  the  odour  of  the  mustard- 
oil  disappears  altogether,  and  a  clear  solution  is  obtained;  which,  after 
evaporation  in  the  water- bath,  leaves  the  calcium- compound  in  the  form 
of  a  slightly  yellow,  transparent  jelly.  Whon  completely  dried,  it  is 
decomposed,  with  abundant  evolution  of  mustard-oil.  (Will.)  IT. 
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p.    Jmidogen-m^ucleus.    C*AdHCl*. 

Chlorazosuccic  Acid.   c*NH>cl*0*=c«AdHCl*,0*. 

Malaguti  (1846.)    N.  Ann.  (Mm.  Phys.  16,  72;  abstr.  /.  pr.  Chem. 

37,  435. 
Gebhardt.    2f.  J.  Pharm.  14,  235  and  291. 

Parmatum,  Bj  the  action  of  dry  ammoniacal  gas  on  perchlorosac- 
cinic  ether.  The  products  of  the  reaction  are  chlorocarbethamide,  chlo* 
razosnocate  of  ammonia,  and  sal-ammoniac.  For  this  decomposition, 
Malagnti,  who  regards  chlorocarbeth amide  (ix,  228)  as  G'^N'H'OrO', 
gives  the  following  equation: 

C"HC1»0W  +  8NH»  =  CWN»H«a70»  +  NIP,C«NHCl«,0«,3H0  +  3NH*C1. 

»■  s,  '  '^  V/  ^ 

Chlorosnodnic  Ter-byd  rated  chloraiosuccate 

Etber.  >  of  ammonia. 

If,  on  the  other  hand,  we  represent  chlorazosaccio  acid  by  Qerhardt^s 
formula,  C*NH*CPO^,  and  regard  chlorocarbethamide,  according  to 
Gkrhardt's  most  recent  experiments,  as  chloracetamide  =C^NH'C1^0% 
the  equation  will  be: 

CWHCI"0»  +  7NH»  -  2C^NIPClHy  +  NH»,(yNH«Cl<(y  4  3NHKa. 

Chlorazosuccate  of 
ammonia. 

PreparcUion,  Ammoniacal  gas  is  passed  over  pulverized  perchlo- 
rosnccinio  ether  contained  in  a  tabulated  retort,  as  long  as  the  gas  is 
absorbed  and  heat  evolved;  the  mass  then  pulverized;  ammoniacal  gas 
again  passed  over  it;  the  operation  repeated  as  long  as  any  absorption 
takes  place;  the  mass  treated  with  pure  ether;  the  solution  of  chlorazo* 
suocate  of  ammonia  and  chlorocarbethamide  (chloracetamide)  filtered 
from  sal-ammoniac  and  a  trace  of  paracyanogen;  the  liquid  evaporated; 
the  residue  treated  with  a  small  quantity  of  water;  the  liquid  again 
filtered;  the  chlorocarbethamide  (chloracetamide)  remaining  on  the  filter 
repeatedly  washed  with  a  small  quantity  of  water,  till  the  water  which 
runs  away  is  no  longer  bitter;  and  the  brown  filtrate  mixed  with  hydro* 
chloric  acid,  whereby  the  chlorazosuccic  acid  is  precipitated  in  the  form 
of  a  brown  oil  which  soon  solidifies  in  a  crystalline  mass.  The  brown 
acid  is  freed  from  the  brown  matter  (paracyanogeu  ?)  by  repeated 
solution  in  ammonia  and  precipitation  by  hydrochloric  acid,  after  which 
it  crystallizes  in  a  state  of  purity  by  spontaneous  evaporation  from  its 
alcoholic  solution.  (Malaguti.)  6erhardt  precipitates  the  acid  from  the 
solution  of  its  ammoniacal  salt  by  nitric  acid^  and  washes  it  with  cold 
water. 

Properties,    Four-sided  prisms  acaukinated  with  pyramids.     Melts 
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ander  water  at  83^  to  85°,  and  per  se  at  200%  bat  berins  to  sublimo  at 
125%  and  to  sfiow  colour  at  ]50^.     Tastes  extremely  bitter. 

Caladatian,  according  to  OerhardL 

8  C  48-0     ....    20-12 

N  14-0     ....       5-86 

3  H 3-0     ....       1'26 

4  CI 141-6     ....     59-35 

4  O  320    ....     13-41 


C»NH«CI*0*  238-6    ....  100-00 

Cakudaiion,  according  to  MaiagiUi,  Maltf^ti. 

6  C 360    ....     20-78  20-59 

N 14-0    ....      8-08  7-98 

H 1-0    ....      0-58  0-77 

3  CI 106-2     ...     61-32  61-03 

2  0 160     ....       9-24  9-63 


C«NHC1»0» 173-2    ....  10000    100-00 

[Malaguti's  formula  is  improbable  on  account  of  the  nneren  number  of  the  atoms 
and  the  mode  of  formation  of  the  add ;  Gerhardt's  requires  much  less  N  and  much  more 
H  and  O  than  are  given  by  experiment, — a  result  which  Gerhardl  attributes  to  a  partial 
decomposition  by  drying  before  the  analysis.    A  repetition  of  the  analysis  is  desirable.] 

The  acid  is  insoluble^  or  nearly  so,  in  water. 

It  effervesces  with  carbonates. 

Its  solution  in  aqueous  Ammonia  evaporated  in  vacuo  yields  the 
ammonia-salt,  half  in  crystals,  half  as  a  syrup.  This  salt,  when  heated 
to  100%  gives  off  carbonic  acid  ^and  as  Malaguti  supposes,  but  has  not 
proved,  iJso  carbonic  oxide),  ana  is  converted  into  a  mixture  of  chloro- 
sttccilamide  (ix,  272)  and  sal-ammoniac,  which  may  be  separated  by 
ether.  (Malagati.)     Equation  according  to  Malaguti : 

NH»,C»NHCl»0»,2HO  -  C^NH'CPO  +  CO'  +  CO  +  NH^Cl. 

But,  according  to  Gerhardt's  more  probable  assumption,  chlorosuccilamide 
=C*NHK]I1H)*,  t.  f.,  the  acetamide  of  the  propylene-series,  and  hence  the 
equation  is : 

NH>,C8NC1»C1*0*  +  2H0  -  C«NH<C1«0«  +  NH*  +  2CO«. 

The  concentrated  solution  of  the  ammonia-salt  forms  with  limesaUtf 
a  white  precipitate,  consisting  of  fine  needles;  with  eopper-saUs,  a  lilac; 
and  with  mercury  and  tilver^KdtSy  a  white  amorphous  precipitate. 
(Malaguti).  It  does  not  precipitate  chloride  of  barium,  sulphate  of 
magnesia,  snlphate  of  zinc,  or  sulphate  of  manganese.     (Malaguti.) 

The  inlvet*  precipitate,  which  is  at  first  amorphous,  becomes  crystal- 
line in  a  few  seconds.  Washed  with  cold  water  and  dried  at  100%  it 
leaves,  when  ignited,  40-23  p.  o.  chloride  of  silver,  consequently  contains 
30-3  p.  c.  silver.  (Malaguti.)  The  formula  C"NH*AgCl*0*  requires 
31-25  p.  c.  silver,  but  Malaguti's  formula  C«NAgCl*0%  37*9  p.  o. 
(Gerhardt) 

The  acid  dissolves  very  readily  in  alcohol  and  eHur,     (Malaguti.) 
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7.    Amidogen-nuclcm.    C^Ad'H*0'. 

Pumaramide.    C"N'^H«o*=c«Ad»H«o«,0». 

Rob.  Haoen.  (1841.)     Ann.  Pharm,  38,  275. 

Fnmario  ether,  mixed  with  aqaeoas  ammonia,  and  set  aside  for  some 
time  in  a  cold  place,  deposits  white  scales  of  fumaramide. 


8C. 
2N. 
6H. 
40 


Hagep. 

48     .. 

..     4211     ... 

42-37 

28     .. 

..     24-56     ... 

24-53 

6     ....       5  26     ... 

5-33 

32     .. 

..     28  07     ... 

27-77 

C»N«H«0* 114     ....  10000     100*00 

Famaramide  yields  by  dry  distillation,  ammonia,  a  crystalline  sub- 
limate, and  a  carbonaceous  residue.  Heated  with  aqueous  alkalis,  it 
giTBS  off  ammonia,  and  when  heated  for  some  time  with  water,  it  is 
conrerted  into  famarate  of  ammonia : 

CSN^H^O^  +  4H0  =  2NH3,C8H<0». 

It  is  insoluble  in  cold  water,  but  dissolves  in  boiling  water  and 
separates  out  unchanged  on  cooling.     It  is  insoluble  in  alcohol.  (Hagen.) 

IT  Fumaramide  with  Mercuric  Oxide.  —  Red  oxide  of  mercury  boiled 
in  water  with  fumaramide  Is  rapidly  decolorized,  and  yields  a  white  pul- 
rerulent  compound,  which  must  be  csrefnlly  washed  with  boiling  water 
and  dried  at  100\  It  is  decomposed  by  hydrochloric  acid  and  sul- 
phuretted hydrogen.  (Dessaignes,  N,  Ann.  Chim.  Fhyt.  34,  1 43;  Ann. 
Pharm.  82,  233.) 

Dried  at  lOO"".  Dessaignes. 

2HgO 216     ....     €5-45     64*58     ....     64*99 

C8NSH«0* 114     ....     34*55 

CWH•0^2HgO...     230    ....  10000 


If  Pumarimide.    C«NH*o*? 

Dessaignes.     Compt.  rend.  30,  324;  JV.  J.  Pharm.  17,  349;  Jahresher, 

1850,  414. 
J.  Wolff.      Ann.  Pharm.  75,  293. 

Formed  by  the  action  of  heat  on  bimalato  of  ammonia.  When  this 
suit  is  heated  in  an  oil-bath  to  160^— 200^,  it  melts,  swells  up,  gives  off  water 
containing  a  very  small  quantity  of  ammonia,  and  leaves  a  reddish,  trans- 
parent, somewhat  resinous  mass,  very  sparingly  soluble  in  water  even  at 
a  boiling  heat.  This  residue,  after  being  washed  with  hot  water,  forms 
an  amorphous  powder,  having  a  pale  brick-red  colour  and  earthy  taste. 
When  dried  at  100"",  it  exhibits  the  composition  of  fumarimide  -f  1  At. 
water.  (Dessaignes.)  —  When  the  residue  obtained  as  above  is  exhausted 


I 
J 
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witb  boiling  wateri  tbe  wash- water  yields  on  cooling  a  fine  white  powder, 
which  remains  suspended  in  the  liquid,  but  is  immediately  precipitated 
by  acids.  This  substance,  after  beini;  several  times  dit^solved  in  water 
and  reprecipitated^  exhibits  nearly  the  composition  of  anbjdrous  fumu- 
rimide.  (Wolff.)  —  As  a  small  quantity  of  ammonia  is  always  evolred  in  the  dry 
distillation  of  tbe  bimalate,  a  corresponding  quantity  of  malic  acid  must  be  set  free ; 
consequently  a  certain  quantity  of  m&leic  and  fumaric  acids  must  be  formed  together 
with  the  fumarimide,  and  the  soluble  parts  of  the  residue  contains  malic  acid,  both 
actire  and  inactive.  If  the  bimalate  be  moistened  with  ammonia,  before  heating  it  to 
200^  the  residue  yields  scarcely  anything  to  water.  (Pasteur,  Ann^  Pharm,  82,  231. 


Anh 

8  C 

ydrow 

'. 48     .... 

49-5     . 

11-4     . 

31     . 

330     . 

Wolff. 
50-1 

N 

3  H 

14     .... 

3     .... 

12-2 

4-1 

4  0 

32     ... 

33-0 

C«N3HO^ 

Hydrated, 
BJC  

97     .... 

dried  at  100'. 

48     .... 

100-0     . 

45-29     . 

13-20     . 

3-77     . 

37-74     . 

100-0 

De8saigne5« 
45-57 

N 

4  H 

14     .... 

13-22 

3-87 

5  O 

40     .... 

37-34 

C8>PHO*  +  Aq 106     ....  100-00     10000 

Wolff  supposes  that  the  substance  which  he  analysed  was  contaminated  with 
aspartic  acid. 

The  composition  of  fumarimide  is  that  of  (unknown)  fumaramic  acid  mintis  water: 

C»NH«0«  —  2HO  -  C8NH3CH 

Fumarimide  is  a  Tery  stable  substance.  It  dissolves  in  hot  concen- 
trated acids,  whence  it  is  precipitated  by  water,  without  alteration,  eren 
after  boiling  for  some  seconds.  But  if  heated  for  5  or  6  hours  with 
hydrochloric  or  nitric  acid,  and  then  evaporated  to  dryness,  it  yields  a 
crystalline  residue  containing  a  combination  of  hydrochloric  or  nitric 
acid  with  inactive  aspartic  acid  (Dessaignes,  Wolff) : 

CSNliW  +  4H0  =  C«NHW 
Fumarimide.  Aspartic  acid. 

Bimaleate  and  bifumarate  of  ammonia  yield  by  dry  distillation,  a 
sabstance  closely  resembling  fumarimide  in  most  of  its  reactions,  but  not 
identical  with  it.  (Dessaignes.)  IT 


Sinapoline. 

C**N'a"0»  =  C"N*H"0«,H*  =  C«H*,C«Ad«H'0«,H* 

Ed.  Simon.     (1840).     Ann.  Fhaijn.  33,  258;  Foffg,  50,  377. 
Will.     Ann  Pharm,  52,  25. 

Formation,     In  the  decomposition  of  mustard-oil  by  hydrated  oxide 
of  lead  or  aqueous  fixed  alkalis  (p.  45.) 


40  CAUTCUENE:  AMIDOGKN-NUCLEUS  CbAi1>HK)>. 

Prepat'oUon.  1.  One  part  of  mastard-oil  is  mixed  with  12  pts.  of 
recently  precipitated  oxide  of  lead,  and  3  pts.  of  water,  and  digested  for 
several  days  in  a  closed  vessel  at  a  gentle  heat  and  with  frequent  agitar 
tion,  till  the  odour  of  mnstard  is  no  longer  perceptible;  the  mass  then 
dried  in  an  open  basin  on  the  water-bath;  ana  the  sinapoline  extracted 
from  it  by  hot  water  or  alcohol.  (Simon.)  The  hjdrated  oxide  of  lead 
must  be  well  washed;  the  digestion  in  the  water-bath  continued,  as  long 
as  fresh  portions  of  lead-oxide  become  blackened;  the  mixture  imme- 
diately exhausted  by  boiling  with  water;  and  the  liquid  filtered  to 
separate  the  sulphide,  carbonate  and  excess  of  oxide  of  lead;  pure  sinar 
poline  then  crystallizes  out  on  cooling.  (Will.)  —  2  Oil  of  mustard  is 
boiled  with  a  large  quantity  of  baryta- water;  the  liquid  evaporated  to 
dryness  after  the  odour  of  mustard  has  disappeared  [during  which  how- 
ever, some  of  the  sinapoline  may  volatilize];  and  the  sinapoline  extracted 
from  the  residue  by  alcohol  or  ether.  (Will.) 

Properties.  Sinapoline  crystallizes  from  the  hot  aqueous  solution  in 
colourless,  shining  laminsB,  unctuous  to  the  touoh.  (Will.)  They  melt  at 
90°  (Simon),  at  100^  (Will),  without  loss  of  weight,  and  immediately 
solidify  on  cooling  in  a  beautiful  crystalline  mass.  (Will.)  Sinapoline 
may  be  sublimed  (Simon),  but  undergoes  partial  decomposition  at  the 
same  time  (WiU);  when  distilled  with  water,  it  passes  over  undeoom- 
posed.  (Simon.) 

CrystaUized.  WiU. 

14  C   84     ....     6000     59-72 

2  N  28     ...     20-00     19-99 

12  H  12     ....       8-57     8-78 

2  0  16    ...     11-43     11-51 

C"N»HJ*0» 140    ....  10000    100-00 

DecomposUion^.  1.  Sinapoline  decomposes  between  170^  and  180^. 
(Simon.)  —  2.  Nitric  acid  converts  it  into  an  acid,  and  its  solution  in  oil 
of  vitriol  turns  brown  when  heated.  ^Simon.)  —  It  may  be  boiled  with 
potash  without  giving  off  ammonia,  ana  melts  in  the  potash  to  oily  drops 
without  decomposition.  (Will.) 

Comhinationa.  Sinapoline  dissolres  in  Water,  abundantly  at  the 
boiling  heat.  (Simon,  Will.) 

It  dissolves  without  decomposition  in  cold  ail  ofviiriol  and  cold  nitric 
acid  (Simon),  likewise  in  other  acids,  and  may  be  separated  by  ammonia. 
(Will.)  y  J  r  J 

It  absorbs  dry  hydrochloric  acid  gas,  with  rise  of  temperatnie  suffi- 
cient to  melt  it,  and  without  separation  of  water.  The  saturated  com- 
pound contains  25555  pts.  hydrochloric  acid  to  100  pts.  sinapoline  =s 
35-77  :  140,  therefore  equal  numbers  of  atoms.  It  is  viscid,  does  not  give 
off  hydrochloric  acid  when  dry  air  is  passed  over  it,  but  emits  fumes  of 
hydrochloric  acid  in  moist  air,  and  deposits  a  portion  of  the  sinapoline  on 
addition  of  water.  (Wiil.) 

Aqueous  sinapoline  precipitates  aqueous  protoehhride  of  mercurv  and 
bichloride  of  platinum,  (Will.) 

It  dissolves  in  alcohol  and  ether.  (Simon^  Will.) 
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c.     NUrogen-nucUi. 
fl»    NUrogenmudeus*    (?NH'. 

Oil  of  Mustard,   o»NH»s«=o»NH»,s«. 

Thibierob.    /.  Fhafin.  5,  439;  also  2^.  Tr,  4^  2,  252. 

Jul.  Fontenelle.     J,  Ckim.  nUd,  1, 131. 

HoRNEMANN.     Btrl.  Johrb,  29,  1,  29. 

BouTRON  &  RoBiQUBT.     /.  Fharm.  17,  296. 

Henry  k  Plisson.    J.  Pharm  17,  451. 

Dumas  &  Pelouzb.    Ann.  Chim,  Fhys.  53,  181;  also  «71  Chvm,  mSd, 

9,  641;  also  Ann.  Pharm.  10,  324;  also  Pogg.  29,  119* 
AscHOFP.     y.  Br.  Arch,  3,  7;  also  t/.  pr.  (7Atffn.  4,  314. 
WiTTSTOCK.    ^«-^.  ./aAr6.  35,  2,  257. 
RoBiQUBT  &  BussT.    Ann.  Chim.  Phys.  72,  328;  also  J,  Pharm.  26, 

116;  also  J.  pr.  Chem.  19,  232. 
BouTRON  &  Fremt.     J.  Pharm.  26,  112. 
LowiG  &  Weidmamn.    t/.  pf*.  CA^A.  19,  218. 
Will.    Ann.  Pharm.  52,  1 .  —  Further  Ann.  Pharm.  92,  59. 
Wertheim.    Ann.  Pharm.  55,  297. 
Obrhardt.     Compt.  rend.  20,  894;  also  i\r.  .inn.  Chim.  Phy$.  14,  125; 

also  J.  pr.  Chem.  35,  487. 

VolatiU  OH  o^  Jft(«tor<f,  J^^Aereo/  Oil  qf  Muitard,  Sidphocyanide  qf  AUyl^ 
JBseenee  de  moutarae. 

Sources.  The  seed  of  black  mastard — ^not  that  of  white  mustard, — 
contains  a  substance  (mjrronic  acid)  not  very  well  known  in  the  free 
state,  which,  in  presence  of  water,  is  decomposed  by  the  emulsion-like 
myrosin  likewise  present,  with  formation  of  oil  of  mustard  (pp.  50 — 54). 
The  seeds  of  many  other  cruciferous  plants  behave  in  the  same  manner, 
but  yield  oil  of  garlic  at  the  same  time  (ix,  372) ;  the  moist  parts  of 
cruciferous  plants  contain  oil  of  mustard  already  partially  formed. 

Formation  from  Oil  of  Garlic.  When  the  precipitate  which  an 
alcoholic  solution  of  oil  of  garlic  forms  with  corrosive  sublimate  is  mixed 
with  excess  of  sulphocyanide  of  potassium,  and  the  mixture  heated  to 
120 — 130%  a  mixture  of  oil  of  mustard  and  oil  of  garlic  distils  over. 
(Wertheim.)  The  precipitate  is  in  fact  C»H»S,  2HgS  +  CH^CI,  2HgCl; 
this  latter  member,  with  3C»NKS»  forms  C«NH»S»  +  2C»NHgS»  +  3KC1; 
but  at  the  same  time,  the  first  member  C*H'S,2UgS  is  resolved  into  oil 
of  garlic,  C*H%,  and  residual  sulphide  of  mercury,  2HgS.  (Wertheim.) 

IT  Formation  from  Oil  of  Asa  foetida.  —  Concentrated  alcoholic 
solutions  of  crude  oil  of  Asa  foetida  and  corrosive  sublimate  yield  a  white 
flocculent  precipitate  which,  when  boiled  with  strong  alcohol,  is  resolved 
into  a  soluble  compound  (C»H»^»  +  5HgS)  +  C"H^°C»  +  HgCl,  which 
separates  on  cooling  in  white  microscopic  crystals,  and  an  insoluble  com- 
pound (C»ff^»+  2HgS)  +  4Hg*Cl  +  4Hg>SK:!l;  and  when  either  of 
these  compounds  is  triturated  with  sulphocyanide  of  potassium,  a  strong 
odour  of  oil  of  mustard  is  evolved,  and  a  few  drops  of  the  oily  liquid 
which  passes  over  on  heating  the  mixture  forms  with  ammonia  crystab 
resembling  thiosinnamine  (p.  57).  (Hlasiwetz,  Ann.  Pharm.  71,  28.) 
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3.  From  lodopropylene,  by  the  action  of  sulphocjanide  of  potaa- 
flium  (or  of  silver): 

C«H«I  +  C2NKS2  =  C9NH»S»  +  KI. 

It  would  appear  fron&  this  reaction  that  oil  of  mustard  is  the  sulphocjanide  of 
sulphopropylene  C®H*S  (identical  or  isomeric  with  oil  of  garlic)  the  latter  being  formed 
from  iodopropylene  by  the  substitutiion  of  S  for  I.  (Berthelot  &  De  Luca,  Compt. 
rend.  39,  746;  N,  Ann,  Chim,  Phjs,  44,  495.  —  N.  Zinin,  Fetersb,  Acad, 
Bully  13,  288;  Ann^Fharm,  ^5,  128.) 

Freparation  of  crude  oil  of  mudard,  —  The  bruised  seed  of  black 
inastard  is  macerated  over  night  with  3  to  6  pts.  of  cold  water,  and  then 
distilled  as  long  as  any  oil  passes  over  with  the  water.  —  The  mustard 
may  be  previously  freed  from  the  fixed  oil  by  pressure.  If  the  seeds  are 
not  macerated  before  they  are  heated,  the  myrosin  is  rendered  inactive 
by  the  heat,  before  all  the  oil  is  formed,  and  consequently  the  product  is 
smaller.  At  each  distillation  of  a  fresh  quantity  of  mustard,  the  watery 
distillate  obtained  in  former  operations  and  already  charged  with  oil  o£ 
mustard,  may  be  used  with  advantage.  —  In  tbe  ordinary  mode  of  distil- 
lation, the  sides  of  the  still  become  too  strongly  heated,  and  consequently 
tbe  quantity  of  oil  is  smaller  than  that  which  is  obtained  by  vapour- distil- 
lation, viz.  by  passing  steam  from  a  small  boiler  through  a  bent  leaden 
tube  into  the  still  in  which  the  mu:^tard  is  mixed  with  cold  water* 
(Wittstock.)  If  the  distillation  be  too  long  continued,  the  oil  redissolves 
in  the  water  which  passes  over.  (Aschoflf.)  —  The  distillate  may  be  made 
to  run  from  the  condensing  tube  into  a  wet  filter  covered  with  a  glass 
plate;  the  water  then  passes  through,  and  tbe  oil  collects  at  the  apex  of 
the  filter,  from  which,  at  the  end  of  the  distillation,  it  may  be  run  off  by 
piercing  the  filter  at  the  bottom.  (Wittstock.) 

100  pts.  of  mustard  yield  0*2  pts.  of  oil  (Boutron  &  Robiquet):  0*55 
pts.  (Aschofi*);  0-8  pts.  (Hesse,  Ann.  Pharm,  14,  41);  1*2  pts.  (Hoflmann, 
Berl,  Jahrh,  35,  2,  251);  by  ordinary  distillation  after  maceration  with 
water,  0*5  pt. ;  after  maceration  with  the  mustard-water  of  the  previous 
distillation,  0*7  pt.;  by  vapour-distillation,  when  the  mustard  is  macerated 
with  common  water,  0*7  pt.;  and  when  it  is  macerated  with  the  mustard- 
water  of  the  preceding  distillation,  I'l  pt.  (Wittstock.) 

The  crude  oil  of  mustard  thus  obtained  is  more  or  less  yelloW|  but 
exhibits  in  other  respects  the  properties  of  the  purified  oil. 

Purification,  By  simple  rectification  (Dumas  <&  Pelouze);  by  distil- 
lation with  an  equal  quantity  of  water  (Aschoff);  by  placing  it  in  contact 
with  chloride  of  calcium,  then  decanting  and  distilling,  a  small  quantity 
of  black-brown  resin  remaining  behind.  (Will.)  —  If  the  crude  oil  of 
mustard  be  heated  for  some  time  in  a  distillatory  apparatus  to  100°,  a 
colourless  oil  passes  over,  having  an  ethereal  odour  and  lighter  than 
water;  the  residue  begins  to  boil  at  110°,  and  its  boiling  point  becomes 
constant  at  155"^.  Crude  oil  of  mustard,  therefore,  contains  one  or  more  - 
lighter  and  more  volatile  oils.  (Robiquet  &  Bussy.)  These  might  arise 
from  adulteration.  (Will.) 

IT  Preparation  from  Iodopropylene, —  1.  Iodopropylene  and  sulpho- 
cyanide  of  potassium  in  nearly  equal  numbers  of  atoms  are  heated  to 
100^  in  sealed  fiasks  with  addition  of  a  small  quantity  of  water.  On 
opening  the  flasks  after  some  hours,  aud  pouring  water  into  them«  a 
solution  of  iodide  of  potassium  is  obtained^  with  an  oily  liquid  floating 
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on  the  surface.  This  oi],  when  'separated  from  the  watery  liqaid  and 
distilled,  begins  to  boil  at  100°,  but  the  greater  part  distils  over  at  about 
150^  The  more  volatile  portion  appears  to  contain  a  small  quantity  of 
oil  of  garlic,  due  to  some  secondary  reaction;  but  the  principal  part  of 
the  distillate  consists  of  oil  of  mustard  (Berthelot  tt  De  Luca.)  —  Or 
iodopropylene  is  distilled  with  an  alcoholic  solution  of  sulphocyanide  of 
potassium,  the  alcoholic  distillate  mixed  with  water,  and  the  oil  thereby 
separated,  distilled  as  above,  the  portion  which  passes  over  between  145^ 
and  150°  being  collected  apart.  (Zinin.)  —  2.  Oil  of  mustard  maybe 
distilled  with  still  greater  facility  by  the  action  of  sulphocyunide  of 
silver  on  iodopropylene.  The  action  takes  place  at  ordinary  tempera- 
tures, iodide  of  silver  being  fonned,  while  the  iodopropylene  disappears 
and  is  replaced  by  oil  of  mustard.  At  1C0°  sulphide  of  silver  is  formed. 
(Berthelot  &  De  Luca.)  IT 

Properties.  Colourless  transparent  oil.  (Dumas  &  Pelonce,  Aschoff, 
Will);  refracting  power=l-51G  (Will);  sp.gr.  1015  at  20"  (Dumas  & 
P^lonze);  1-009  to  1-010  at  16°  (Will);  boiling  point  143°  (Dumaa  A 
P^louJBe);  perfectly  constant  at  148°.  (Will.)  Vapour-density =340. 
(Dumas  A  Pelouze);  3  54.  (Will.) — The  oil  has  a  sharp  penetrating 
taste  and  odour;  excites  tears;  inflames  and  blisters  the  skin.  (Thibierge.) 
—  Neatral  to  vegetable  colours.  (Thibierge) 


8  C 48  ....  48-49 

N  14  ....  14-14 

5H 5  ....  5-05 

2  8  82  ....  32-32 

O 

C«NH*S«....  99  ....  100-00 


Lowig  & 
'Weidmann. 

..     49-29  ... 

•  ■  •  •  * 

5-21  ... 
..     5207  ... 


WiU. 

49*40 

1412 

5-24 

31-96 


Dumat 
&  Pelouze. 

...     49-98  . 

...     14-45  . 

.       502  . 

...     20-25  . 

10-30  . 


u^»w.  ib  Berthelot 
Pra7  ADeLuca 
^^"«°°-   (orHJiciaL) 

..     53-28 

..     14-92 

..     1118 

..     11-18  ....     32-3 
9-44 


....  100-72  ....  10000  ....  100-00 


C-vapour 8 

N-gas  1 

H-gas  5 

S-vapour J 


DcDsity. 
3-3280 
0-9706 
0-3465 
2-2185 


Vapour  of  oil  of  mustard  .. 


2     6-8636 

1     3-4308 


As  Dumas  &  Pelouze  found  too  small  a  quantity  of  sulphur,  they  concluded  that 
the  oil  contained  oxygen, — an  error  which  was  corrected  by  L9wig  6c  Weidmann.— 
Wertheiro  and  Will  are  disposed  to  regard  oil  of  mustard  as  sulphocyanide  of  tMyU 
sbCH^xCNS'.  This  view  is  supported  by  the  couTertibility  of  oil  of  garlic  into  oil  of 
mustard,  and  vice  versa ;  also  by  the  formation  of  oil  of  mustard  ftrom  iodopropylene* 


DecompoBUione.  1.  The  oil  kneaded  with  alumina  yields  by  dry 
distillation,  carbonic  acid,  carburetted  hydrogen,  and  a  small  quantity  of 
sulphuretted  hydrogen  gas,  together  with  water.  (Fontenelle.)  —  2.  Ex- 
posed to  daylight  for  three  years  in  well  closed  vessels,  it  gradually 
oecomes  brownish-yellow,  and  deposits  an  orange  yellow  amorphous 
snbstance.  (Will.)  This  body,  after  bein.fi:  washed  with  ether  and  dried 
in  ▼acuo,  contains  28  60  p.  c.  C.  5  87  H,  20-72  S,  and  (as  loss)  4481  N. 
It  bas  the  aspect  of  pseudosalphocyanogen.     It  swells  up  and  assamec  a 
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^iurng  black;  and  with  terchloride  of  gold,  a  yellow  precipitaia.  (Hor- 
neniann.)-<^It  forms  with  nitrate  of  silver  a  black  preoipitate,  and  with 
terchloride  of  gold  a  yellow-brown  precipitate.  (Aschoff.)  —  It  does  not 
precipitate  neutral  acetate  of  lead^  protochloride  of  tin,  ferrous  salts,  or 
ferric  salts.    (Homemann). 

0.  Aqueous  potash^  soda,  orharyta,  likewise  forms,  with  oil  of  mustard, 
sinapoline,  an  alkaline  carbonate  and  a  sulphide;  but  if  the  mixture  be 
teo  much  heated,  ammonia  is  evolved  in  consequence  of  further  decom-* 
position.  (E.  Simon,  Ann.  Fharm.  83,  258;  Will.)  —  A  few  drops  of  oil 
of  mustard,  heated  to  the  boiling  point  with  baryta-water,  precipitate  a 
large  quantity  of  carbonate  of  baryta  without  any  evolution  of  ammonia, 
the  filtrate  containing  sinapoline  and  sulphide  (but  no  sulphocyanide)  of 
barium.  (Will.) — %.  Hlasiwetz  finds  that,  when  oil  of  mustard  is  boiled 
for  some  time  with  solution  of  caustic  soda,  in  such  a  manner  that  the 
vapour  may  be  condensed  and  flow  back  again,  the  remainder  of  the 
sulphur  then  removed  by  means  of  a  warm  solution  of  oxide  of  lead  in 
potash,  and  the  oil  washed  with  dilute  sulphuric  acid  and  water,  and 
lastly  rectified,  a  colourless  oil  of  fishy  odour  is  obtained;  the  same  oil  is 
formed  when  oil  of  mustard  is  treated  with  lime;  Hlasiwetz  assigns  to  it 
the  formula,  6C^H^0'  +  H0.  The  remaining  alkaline  liquor  contains 
traces  of  propionic  acid,  sulphide  of  sodium,  and  carbonate  of  soda. 
During  the  action  of  the  soda-solution  on  oil  of  mustard,  ammonia 
appears  to  escape.  With  oil  of  mustard  from  another  source,  Hlasiweti 
obtained,  by  boiling  with  solution  of  soda,  an  oil  having  the  odour  and 
composition  of  sage-oil;  it  contained  80-0  p.  c.  C,  11*1  H,  and  8*9  0.  IT. 

Marlier  statements :  An  aboholic  solution  of  oil  of  mustard,  mixed 
with  potash-ley  and  distilled  after  several  days,  yields  alcohol  having  an 
odour  of  mustard,  and  a  residue  consisting  of  a  dark  brown  oil  and 
aqueous  sulphocyanide  of  potassium.  (Homemann.)— *- The  solution  of 
1  pt.  of  crystallized  baryta  in  256  pts.  of  mustard- water  gradually  yields 
a  yellowish  grey  precipitate  containing  carbonate  of  baryta,  sulphur, 
and  a  less  volatile  oil;  and  on  distilling  the  liquid  filtered  therefrom, 
ammonia  is  given  off,  carbonate  and  sulphate  of  baryta  are  precipitated, 
and  sulphocyanide  of  barium  remains  in  solution.  (Hornemann.)  —  Fixed 
alkalis  form  with  oil  of  mustard,  a  sulphocyanide  and  a  sulphide  of  the 
alkali-metal.  (Dumas  &  Pelouze.)  —  Oil  of  mustard,  heated  with  potash- 
solution,  gives  off  ammonia,  and,  after  some  days,  deposits  crystals  [of 
sinapoline  ?].  (Aschoff.)  —  The  oil  mixed  with  potash -solution,  gives  off 
ammonia,  and  forms  sulphide  of  potassium,  together  with  a  crystallized 
nitrogenous  substance  [sinapoline],  from  which  the  remainder  of  the 
sulphur  may  be  extracted  by  boiling  with  oxide  of  lead.  (Simon,  Pogg. 
44,  599;  Marchand  &  Simon,  J.  pr,  Oliem.  19,  235.)  —  Oil  of  mustard 
agitated  with  concentrated  potash  in  a  stoppered  bottle,  dissolves  com- 
pletely, forming  a  brown,  faintly  smelling  liquid,  which,  when  neutralized 
after  a  few  days,  with  caustic  potash,  deposits  a  few  oily  drops  and 
small  radiating  crystals,  not  of  bitartrate  of  potash,  but  of  a  peculiar 
substance  [sinapoline].  The  liquid  separated  from  tliese  crystals  yields 
by  distillation,  a  very  yellow  and  strongly  alkaline  distillate,  which 
blackens  lead -salts,  whereas  the  residual  liquid  precipitates  them  white. 
(Boutron  and  Fremy.) 

10.  When  oil  of  mustard  is  dropt  into  a  saturated  solution  of  potash*- 
hydrate  in  absolute  alcohol,  great  heat  is  produced,  which,  if  1  or  2 
grammes  of  the  oil  are  quickly  added,  may  rise  in  a  few  seconds  to 
violent  ebullition,  attended  with  projection  of  the  mixture;  but  no  per- 
manent gas  is  evolved^  excepting  perhaps  a  little  ammonia.     The  brown- 
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1^  roixtaie  exhibiUi^  instead  of  the  pOngent  odour  of  oil  of  niUatard, 
merely  a  mild  garlic  odour;  deposits,  after  a  while,  orjstais  of  mono- 
carbonate  of  potash  with  2  At.  water;  and  when  decanted  from  these 
crystals  and  mixed  with  water,  is  resolved,  with  milky  turbidity,  into 
^ueous  sulphosinapio  acid  (p.  33),  holding  in  solution  a  certain  quan** 
tity  of  oil  which  may  be  dissolved  out  by  ether,  and  an  oil  which  sinks 
to  the  bottom,  and  if  the  mixture  has  been  heateil  to  the  boiling  point, 
is  dark-coloured,  and  contains  insoluble  flakes.  (Will.) 

The  peculiar  oil  obtained  by  keeping  the  mixture  cold,  when  sepa* 
rated  from  the  aqueous  sulphuric  acid  by  collecting  it  on  a  wet  filter, 
purified  from  potash  by  washing  with  water,  rectified  with  solution  of 
eomroon  salt,  and  freed  from  the  water  which  makes  it  turbid,  by  stand- 
ing for  several  days  over  chloride  of  calcium,  and  decantation,  is 
transparent  and  colourless;  has  a  density  of  r086  at  14°;  has  a  mild 
alliaceous  odour;  a  taste  which  is  not  burning  but  cooling;  boils  between 
11.5°  and  US'";  but  is  partially  decomposed  by  distillation,  even  in  a 
stream  of  gas,  ammonia  being  formed,  as  shown  by  the  vapour  browning 
turmeric  paper  slightly,  and  a  brown  resin  remaining,  which  gives  ofiT  a 
large  quantity  of  ammonia  when  more  stron«^ly  heated,  and  from  which, 
by  continuea  boiling  with  water,  a  volatile  alkaloid,  not  yet  further 
examined,  may  be  extracted.  The  oil,  when  boiled  with  baryta-water, 
forms  sulphide  of  barium,  and  a  non-volatile  substance  which  remains 
in  solution  and  appears  to  be  an  alkaloid.  From  lead  and  silver  salts 
it  also  precipitates  the  sulphides  on  boiling.  It  forms  a  precipitate 
with  aleoholio  corrosive  sublimate,  and  if  the  solution  be  not  too  ailute, 
likewise  with  alcoholic  bichloride  of  tin.  It  is  sparingly  soluble  in 
water,  but  dissolves  in  all  proportions,  in  alcohol  and  ether.  (Will.) 

Will.         wm.  Will. 

ml     '7  u    '  three  timee 

The  oil  once,     twice,  rediied 

28  C 168  ....  50-76  ....  50*35  ....  50*20  .... 

3N 42  ....  12-69  ....  12*30  ....  10*40  ....     9*73 

25  H     25  ....  7*55  ....  7*88  ....  7*84  .... 

4S 64  ....  19-33  ....  20*50 

4  O   f 32     ....       9-67     ...      8-97 

»  .  ■      ■       ■  ■■  -■  ■  -..—   ■■■ 

e28N3H»S*0^ ..     331     ....  100*00     ....  100*00 

As  the  oil  gives  off  ammonia  at  each  rectification,  whereby  the  amount  of  nitrogen 
is  principally  diminished,  it  is  probable  that  the  original  oil,  before  the  first  rectification 
was  C»N»H»S*0*+  NH»=»C»N*H»S^O<,  or  divided  by  2  :  C"N«H"S202,  and  therefore 
CHN'HWO*  (sinapoline)  +2HS  (Will). 

According  to  this  assumption,  the  equation  for  the  decomposition  of  oil  of  mostftrd 
by  alcoholic  potash  should  be  the  following  : 

3C8NH»S»  +  3K0  +  5H0  -  2(KO,C02)  +  c^NH^KS^  +  C"N«H"S»02  (WiU.) 

11.  When  oil  of  mustard  is  mixed  with  pulverized  soda-lime,  and 
heated  for  some  time  to  120°  in  a  sealed  tube,  the  sharp  mustard  odour 
is  found,  on  opening  the  tube,  to  be  replaced  by  an  aromatic  alliaceous 
odour  ;  and  on  distilling  the  liquid,  oxide  of  allyl  (ix.  363,)  is  ob- 
tained, while  sulphocyanide  of  sodium  remains,  often  mixed  with  sul- 
phide of  sodium,  produced  by  the  secondary  action  of  the  excess  of  soda 
on  the  sulphocyanide  of  sodium.  (Wertheim.) 

CNH«S^  +  NaO  -  C^H«0  +  (?NNaS*. 
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Pnlrerized  hydrate  of  potash  acts  in  the  cold  npon  oil  of  masta^^ 
just  like  alcoholic  potash;  but  the  products  do  not  come  out  so  pure^ 
because  it  is  more  difficult  to  prevent  the  temperature  from  rising  too 
high.  In  this  case  also  the  potassium-salt  C*NH*KS^  is  produced  with- 
out any  erolution  of  gas,  but  no  sulphocjanide  of  potassium.  The  mass 
dissolved  in  water,  and  slightly  supersaturated  with  acid,  sometimes 
diows  a  slight  reddening  with  ferric  salts;  but  the  colour  is  altogether 
different  from  that  which  is  produced  by  sulphocyanide  of  potassium, 
and  disappears  on  the  addition  of  more  acid.  (WilL;  —  Eyen  when  oil  of 
mustard  is  heated  with  hydrate  of  potash,  whereby  violent  action  and 
ebullition  are  produced,  no  hydrogen  is  erolved,  but  only  ammonia,  and 
the  residue  contains  C*NH*KS^  (Will.)  Hydrate  of  potash,  thrown  in 
pieces  into  oil  of  mustard,  produces  a  violent  action,  evolves  hydrogen, 
and  forms  a  potash-salt  soluble  in  water  and  alcohol,  the  acid  of  which 
is  oily  and  floats  on  water  without  dissolving.  (Boutrou  &  Fremy.) 

12.  Oil  of  mustard  and  manosulphide  of  pakunum,  heated  together 
for  some  time  to  100°  in  a  sealed  tube,  yield  a  distillate  of  oil  of  garlic, 
and  a  residue  of  sulphocyanide  of  potassium.  (Wertheim.) 

C«NH»S»  ^  KS  -  C«H»S  +  C»NKS«. 

If  a  polysulphide  of  potassium  be  used,  crystalline  needles  sublime,  con* 
sisting  probably  of  an  oil  of  garlic  with  a  larger  amount  of  sulphur. 
(Wertheim.) 

13.  Potassium  acts  upon  oil  of  mustard,  even  at  ordinarv  tempera- 
tures, with  evolution  of  gas,  and  when  heated  produces  a  nery  explo- 
sion. When  this  does  not  take  place,  sulphocyanide  of  potassium 
appears  to  be  formed^  together  with  an  oil  different  from  oil  of  mustard. 

—  Potassium  immersed  in  the  oil,  becomes  covered  with  gas-bubbles,  and 
forms  a  brown  mixture;  when  the  mixture  is  gently  heated  in  closed 
(but  not  in  open  vessels),  a  slight  fiery  explosion  takes  place,  accom- 
panied by  black  smoke  and  evolution  of  ammonia;  and  the  residue,  if 
more  strongly  heated,  gives  off  a  small  quantity  of  gas  which  bums  with 
a  red  flame,  and  leaves  sulphocyanide  and  sulphide  of  potassium,  mixed 
with  charcoal.  (Aschoff.)  —  Oil  of  mustard,  even  when  dehydrated  by 
chloride  of  calcium  and  then  rectified,  acts  immediately  on  potassium  at 
ordinary  temperatures,  the  action  being  accelerated  by  gentle  heating  in 
a  retort  (if  too  strongly  heated  the  liquid  would  take  fire).  The  mass 
becomes  slightly  coloured;  gives  off  a  gas  not  yet  examined;  yields  a 
distillate  of  oil  of  garlic  [or  something  similar],  and  leaves  a  white  residue 
of  sulphocyanide  of  potassium.  The  oil  thus  obtained  is  colourless;  exhi- 
bits the  odour  and  reactions  of  oil  of  garlic,  giving  a  black  percipitate 
with  nitrate  silver,  white  with  corrosive  sublimate,  and  yellow  with 
bichloride  of  platinum;  and  contains  58*8  p.  c.  C,  and  8'4  H.  But 
when  rectified  with  potassium,  it  gives  up  more  sulphur  to  that  metal. 
The  resulting  sulphocyanide  of  potassium  forms  with  a  mixture  of  fer- 
rous and  cupric  sulphates,  a  white  precipitate  un contaminated  either 
with  cyanide  or  sulphide  of  copper.  (Gerhard t.)  [As  the  evolved  gas  was  not 
ezaiiiin«],  Gerhardt  gives  no  equation  for  this  decomposition.  As  oil  of  mustard  con- 
tains only  2  S,  oil  of  garlic  1  S,  and  sulphocyanide  of  potassium  2  S,  the  reaction  is 
not  very  intelligible.  Moreover,  Gerhardt's  oil  differs  from  oil  of  garlic  in  many 
respects.]     Compare  Liehig.  (Ann.  PAarm,  67^  IIG.) 

14.  Oil  of  mustard  coats  certain  of  the  heavy  metals  with  sulphide. 

—  The  oil,  shaken  up  with  water  and  mercury,  blackens  the  mercury 
immediately,  but  neyertheless  retains  its  pungent  odour  for  several  days. 
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and  yields  by  distillation  a  pungent  oil,  still  containing  a  large  quantity 
of  sulphur.  (Boutron  &  Robiquet.)  In  contact  with  mercury  and  oxygen 
gas,  it  forms  sulphide  of  mercury,  becomes  thicker,  and  acquires  the 
power  of  reddening  litmus.  (Aschoff.)  In  the  preparation  of  oil  of 
mustard,  the  still  becomes  coated  with  sulphide  of  copper,  not,  however, 
if  the  distillation  be  performed  with  steam.  (Wittstock.) 

15.  In  contact  with  amjnonia,  oil  of  mustard  is  immediately  con* 
verted  into  thiosinnamine  (p.  57). 

IT  It  absorbs  ethylamine  with  great  rapidity,  and  is  converted  into 
Ododnethylamine  (p.  Gl);  it  appears  to  act  in  a  similar  manner  on 
methylamine,  propylamine,  and  aniylamine.  (Hinterberger,  Ann,  Pharm. 
83,  346.) 

17.  With  aniline  and  napkthalidine,  it  forms  compounds  which  do 
not  appear  to  be  of  basic  nature.  (Zinin,  Ann.  Phai*ni,  85,  328.)  IT 

Comhinaiions,  —  The  oil,  when  it  has  not  been  dried  with  chloride  of 
calcium,  contains  in  solution  a  small  quantity  of  water,  and  therefore 
becomes  turbid  in  the  cold  (Wittstock).  —  It  dissolves  sparingly  in 
water;  this  mustard-water  is  obtained  in  the  preparation  of  oil  of 
mustard.  « 

With  the  aid  of  heat  it  dissolves  a  very  large  quantity  of  phos- 
pIiOi*tiSy  which,  on  cooling,  first  separates  in  the  liquid  form,  and  then 
solidifies  at  a  temperature  below  43*^.   (Fontcuclle,  Dumas  &  Pelouze.) 

AVith  the  aid  of  heat,  it  dissolves  a  very  large  quantity  of  sulphur, 
which  crystallizes  out  o^i  cooling.  (Font.  Dam.  &  Pel.) 

%  Muslard'0%1  with [Stdphide  of  Potassium,^ a,  C«NH»S*,2KS:  — 
Deposited  in  the  form  of  a  white  granular  salt,  on  mixing  an  alcoholic 
solution  of  monosulphide  of  potassium  with  oil  of  mustard,  the  former 
£»lightly  in  excess,  and  evaporating  at  a  gentle  heat.  Gives  off  oil  of 
mustard  when  heated,  but  does  not  change  colour.  (Will.  Ann,  Pharm. 
92,  62.) 

WUl. 

8C 48-0     ....     22-92 

N    HO     ...       6-68 

5  H    5-0     ...       2-39 

4  S 64-0     ....     30-57 

2  K    78-4     ....     37-44     39-2 

C»NH6S8,2KS   209-4  10000 

b.  C'NH*S*,KS.  —  Separates  from  the  mother-liquor  of  the  salt  a, 
when  left  to  stand  in  vacuo  over  oil  of  vitriol,  in  needle-shaped  crystals, 
having  a  scarcely  perceptible  yellowish  tinge.  (Will.) 

Will. 
8  C 48-0     ....     31-13 

N 14-0     ....       9*08 

5  H 5-0     ....       3-24 

3  S : 48-0     ....     31-13 

K 39-2     ....     25-42     ....     25*5     25-0 

C»NH-S2,KS 154-2     ....  100*00 

Mustard-oil  with  Sulphide  of  .^f/nVm  —  C»NH*S',2BaS.  —  When 
oil  of  mustard  is  gradually  added  to  a  warm  yellow  solution  of  sulphide 
of  barium  (as  obtained  by  treating  the  crude  sulphide  with  water),  till 
its  odour  remains  permanent,  the  filtered  liquid  yields  on  coolinp;  colour- 
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lesfl  or  slightly  yellowish  Laminsd^  which  crnmble  to  a  white  powder  when 
exposed  to  the  air.  The  salt  smells  of  mustard-oil,  and  burns  with  a 
glimmering  light  when  somewhat  strongly  heated.  Precipitated  from  the 
aqueous  solution  by  alcohol.  Crystallizes  with  2  At.  and  with  6  At. 
water.  (Will.  Ann.  Pharm,  92,  65.) 

WUh  2  At.  Water.  Will 

8  C  48-0  ....  16-77 

N  14-0  ....  4'89 

7H  7-0  ....       2-46 

4S    64-0  ....  22-36 

2  O  160  ...       5-59 

2Ba 137-2  ....  47*94     491      ...     473 

C»NH»S«,2BaS  +  2Aq     286-2     ...  100-00 

With  6  At,  Water.  Will. 

8  C 48-0  ....  14-90 

N   14-0  ....  4-05 

11  H   110  .  .  3-41 

4S 64-0  ...  19-86 

6  0    480  ....  14  90 

2  Ba  * 137-2  ....  *42-88     416 

C8NH'JS2,2BaS  +  6Aq 3222     .  .  10000  .    f. 

Mustard- water  forms  with  mcrcurous  nitrate  a  white  precipitate 
(Hornemann),  which  turns  grey  (AschofF).  It  likewise  forms  a  white 
precipitate  with  mercuric  nitrate,  and,  after  a  while,  with  corrosive  «t6- 
limate,  (Hornemann.)  Oil  of  mustard  dissolved  in  alcohol,  forms  with 
corrosive  sublimate,  a  precipitate  which  contains  mercury  and  chlorine 
in  unequal  numbers  of  atoms.  (Will.) 

Under  certain  circumstances,  a  crystallizable  compound  of  oil  of 
mustard  with  bichloride  of  platinum  may  be  obtained,  which,  in  presence 
of  water,  is  gradually  decomposed,  with  evolution  of  carbonic  acid,  and 
formation  of  a  dark  pulverulent  body.  (Will.) 

Oil  of  mustard  dissolves  very  re»idily  in  alcohol  and  ether.  (Dumas  k 
Pelouze^  Faur6  &  others.) 


Appendix  to  Oil  op  Mustard. 

1.  Formation  of  Oil  of  Mustard, 

BouTRON  &  RoBiQUET.     J.  Pliarm.  17,  294;  abstr.  Schw,  63,  94, 
FjLVRi.     J,  Pharm.  17,  299;  abstr.     Schw.  63,  101.     J.  Pharm,  21, 

464. 
GuiBouRT.     J.  Pharm.  17,  360. 
Ed.  Simon.     Pogg.  43,  651;  51,  383. 
BussY.     J,  Pharm,  26.  39;  also  Ann.  Pharm.  34,  223.  • 
BoDTRON  &  Fremy.     J.  Pharm.  26,  48;  also  Ann.  Pharm,  34,  230; 

also  J.  pr,  Chem.  19,  230;  J,  Pharm.  26,  112. 
WiNCKLER.     Jahrb.  pr,  Pharm,  3,  93. 
Lepage.     J.  Chim,  med.  22,  171. 

Oil  of  mustard  does  not  exist  ready  formed  in  cruciferous  plants,  at 
least  not  in  their  dry  parts^  as  in  the  seeds,  especially  in  the  seed  of  bkok 
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mustard.  (The  seed  of  wbite  mustard  does  not  yield  oil  of  mustard^ 
but  owes  its  sharpness  to  sulphosinapine;  it  likewise  contains  myrosin.) 
The  production  of  the  oil  requires  the  presence  of  water,  by  which  the 
mutual  action  of  two  substances  contained  in  black  mustard  is  brought 
about.  One  of  these  substances  is,  according  to  Bussy,  A/pronic  acid, 
(p.  53,)  which  is  present  in  the  form  of  a  potash-salt;  the  other  is 
Myrosijiy  (p.  54,)  a  substance  closely  allied  to  emulsin,  which,  in 
presence  of  water,  acts  as  a  ferment  on  the  myronic  acid,  and  forms  oil 
of  mustard  out  of  it.  These  propositions  are  deduced  from  the  follow- 
ing experiments,  which,  on  the  other  hand,  are  thereby  explained. 

The  dry  powder  or  flour  of  black  mustard,  is  inodorous.  (Guibourt,) 

When  dried  over  the  water-bath,  it  exhibits  the  mustard  odour 
only  at  first,  so  long  indeed  as  it  contains  moisture.  The  inodorous 
residue  tastes  sharp,  and  when  treated  with  cold  water,  immediately 
gives  off  the  strong  odour  of  mustard.  (Faure.) 

The  fat  oil  expressed  from  dry  mustard-flour  is  mild;  that  obtained 
from  the  wet  powder  has  a  strong  mustard-odour.  (Faur6.)  Mustard* 
flour  moistened  either  with  c<dd  or  with  luke-warm  water,  soon  exhi- 
bits its  sharpness,  the  more  quickly  indeed  as  the  water  is  warmer. 
(Faure.) 

Scurvy-grass  loses  all  its  odour  when  dried,  and  if  distilled  with 
water,  yields  an  insipid  distillate;  but  when  distilled,  even  after  the 
lapse  of  a  year,  with  the  cold  aqueous  infusion  of  white  mustard  (or 
with  ^  pt.  of  the  powder  of  white  mustard),  it  yields  an  acrid  oil.  It, 
therefore,  contains  myronic  acid,  even  after  drying;  but  its  emulsion- 
like substance  must  have  lost  its  power  by  drying.  (Simon.)  —  With 
recently  dried  parts  of  plants,  the  addition  of  white  mustard-flour  is  by 
no  means  necessary.  If  dried  horse-radish,  scurvy-grass,  or  cress,  after 
fourteen  days'  keeping,  be  immediately  heated  with  water,  an  insipid 
distillate  is  obtained;  but  if  before  distillation,  it  be  macerated  in  water 
for  24  hours,  the  distillate  is  as  strong  as  that  obtained  from  the  fresh 
plant.  But  if  the  plant  be  subjected  to  the  same  treatment  after  half 
a  year's  drying,  the  distillate  obtained  from  horse-radish  and  scurvy-grass 
is  less  powerful,  unless  an  emulsion  of  white  mustard  be  added  beiore  the 
distillation.  (Lepage.) 

Mustard-flour  heated  till  it  begins' to  roast,  no  longer  exhibits  any 
sharpness  on  being  mixed  with  water.  (Faure.)  —  So  likewise  the 
strongly  heated  seeds  of  various  kinds  of  Lepidium,  (Pless.) 

The  cold  aqueous  infusion  of  mustard-flour  smells  strongly  of  mustard, 
tastes  sharp  and  bitterish,  reddens  litmus,  and  deposits  a  coagulated 
albuminous  substance  when  heated.  (Faure.)  —  The  coagulation  takes 
place  at  70^  to  80^  (Boutron  &  Fremy.) 

When  mustard-flour  is  introduced  into  a  tubulated  retort,  containing 
water  at  75°  to  80^^  no  mustard-oil  is  obtained  by  distillation,  but  an 
insipid  distillate;  if  the  water  be  at  60°,  a  tolerably  large  quantity  of 
oil  is  obtained;  but  water  under  50°  yields  the  entire  quantity.  Hence 
mustard-paste  prepared  with  boiling  water,  is  inactive,  the  emulsion- 
like matter  being  coagulated  by  the  hot  water,  and  thereby  losing  its 
power  of  producing  mustard-oil.  (Faur^.) 

If  the  mustard-flour  be  macerated  for  some  hours  in  cold  water  before 
distillation,  till  the  myrosin  is  dissolved,  and  has  eliminated  the  mustard- 
oil  from  the  myronate  of  potash,  the  whole  of  the  mustard-oil  is  obtained 
by  distillation;  but  the  more  quickly  the  water  is  heated  to  the  boiling 
point  in  contact  with  the  mustard-flour,  and  the  myrosin  thereby  coagulated 
before  it  has  time  to  act  on  the  myronate  of  potash^  the  smaller  is  the 
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quantity  of  oil  obtained;  hence  also  no  oil  is  obtained  by  distilling 
mastard-flour  in  Beindorfs  apparatus  with  the  vapour  of  boiling  water. 
(Hesse,  Ann.  Fharm,  14*41.) 

Entire  mustard-seeds  distilled  with  water,  yield  no  mustard-oil;  but 
jf  they  are  boiled  with  water  for  five  minutes,  then  dried  and  bruised, 
they  no  longer  exhibit  any  sharpness  when  treated  with  cold  water. 
(Faur6.) 

The  aqueous  decoction  of  black  mustard-flour  does  not  emit  any 
odour  of  mustard  when  mixed  with  white  mustard-flour  or  its  cold 
aqueous  infusion.  (Robiquet  &  Bussy.)  Similarly  with  the  decoction  of 
horse-radish,  scurvy-grass,  or  cress,  when  mixed  with  an  emulsion  of 
white  mustard.  (Lepage.) 

Chlorine-water,  dilute  sulphuric  acid,  and  other  mineral  acids,  coagu- 
late the  emulsion-like  substance,  and  consequently  neither  produce  sharp- 
ness nor  yield  any  acrid  distillate.  (Boutron  &  Robiquet;  Faure.)  — 
But  the  sharpness  of  mustard-flour  macerated  with  cold  water,  is  by  no 
means  removed  by  dilute  sulphuric  acid.  (Faur6.) 

Dilute  solutions  of  alkali-salts  evolve  the  sharpness  from  mustard- 
flour.  (Faur6.)  Aqueous  solutions  of  copper  and  mercury-salts  (and  of 
silver-salts,  according  to  Lepage,)  produce  no  sharpness  with  mustard- 
flour.  (Faur6.) 

With  dilute  carbonate  of  potash,  mustard-flour  emits,  not  a  sharp 
odour,  but  an  odour  like  that  of  meliloty  and  afterwards  an  hepatic  odour; 
it  does  noi  yield  any  acrid  distillate.  (Boutron  k  Robiquet.)  Aqueous 
caustic  alkalis  likewise  emit  no  sharpness;  and  the  mustard-flour,  which 
is  thereby  coloured  dark  yellow,  does  not  yield  mustard-oil,  if  subse- 
quently washed  with  water  and  distilled.  (Faur6.) 

Mustard-flour  forms  with  vinegar  neither  a  sharper  nor  a  milder  paste 
than  with  water.  (Boutron  &  Robiquet.)  Vinegar  almost  wholly  pre- 
vents the  development  of  the  acrid  quality.  (Guibourt.) 

Mustard-flour,  mixed  with  at  least  twice  its  weight  of  powdered 
nutgalls,  does  not  cxbiS)it  any  sharpness  on  addition  of  water,  because  the 
emulsion-like  substance  is  coagulated  by  the  tannin.  (Faur^.)  Mustard- 
flour  does  not  form  an  acrid  paste  with  alcohol.  When  exhausted  with 
alcohol,  it  yields  a  slightly  bitter  but  not  acrid  tincture,  and  an  insipid 
powder,  which  no  longer  exhibits  any  acridity  when  mixed  with  water. 
(Boutron  &  Robiquet,  Faure.)  But  after  immersion  in  water  for  a  day 
or  two,  the  tasteless  powder  again  emits  the  sharp  mustard-odour. 
(Bussy.)  [The  myrosin  which  has  been  coagulated  by  the  alcohol,  is, 
probably,  restored  to  activity  by  long  contact  with  water.]  When  the 
mustard-flour  which  has  been  exhausted  with  alcohol,  is  well  boiled 
with  water,  a  bitter  decoction  [containing  myronate  of  potash]  is 
obtained,  which,  after  cooling,  yields  a  large  quantity  of  mustard-oil 
with  the  emulsion  of  white  mustard  [containing  myrosin],  but  not  with 
the  emulsion  of  sweet  almonds  or  linseed.  (Boutron  &  Fremy.)  —  The 
seed  of  various  species  of  Lepidium,  after  exhaustion  with  alcohol,  no 
longer  exhibits  any  acridity  when  treated  with  water.  (Pless.)  When 
horse-radish,  scurvy-grass,  or  cress  is  exhausted,  after  drying,  with  cold 
85  per  cent,  alcohol,  and  the  alcoholic  extract  is  dissolved  in  water, 
the  solution  yields,  with  emulsion  of  white  mustard,  a  certain  quantity 
of  mustard-oil;  and  the  plant,  after  exhaustion  with  alcohol,  still  yields, 
with  the  same  emulsion,  a  large  quantity  of  oil.  (Lepage.)  [The  alcohol 
probabl}'  dissolves  only  part  of  the  myronic  acid.] 

Ether  does  not  deprive  mustard-flour  of  the  capability  of  producing 
muBtard-oil  with  water.  (Faure.) 
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Myronic  Acid. 

Myronadure,  Acide  myronique ;  from  fi^pov,  sweet-smeDing  ointment !— Occurs 
in  black  mustard^  in  combination  with  potash. 

Preparation,  Black  mastard-flour  is  dried  at  100^,  the  fat  oil  pressed 
out  as  coinpletelj  as  possible^  and  the  residue  exhausted  first  in  the 
strainer,  at  the  temperature  of  the  air,  and  then  with  85  per  cent,  alco- 
hol at  50^  or  60°.  The  alcohol  removes  a  certain  quantity  of  foreign 
matter,  which  would  impede  the  crystallization  of  the  mjrronate  of  pot- 
ash, and  likewise  a  very  small  quantity  of  niyronate  of  potash,  which 
may,  however  be  recovered  by  evaporating  the  alcoholic  infusion,  exhaust- 
ing the  extract  with  water,  and  evaporating  the  filtrate.  The  mustard 
which  has  been  exhausted  with  alcohol,  if  freed  from  alcohol  under  the 
press,  and  treated  with  water,  either  warm  or  cold,  gives  up  to  the  water 
the  myronate  of  potash,  which  may  then  be  obtained  in  the  colourless  state 
by  evaporating  the  filtrate  to  a  thin  extract  at  a  gentle  heat,  exhausting 
with  weak  alcohol,  which  separates  a  viscid  substance,  evaporating  the 
alcoholic  filtrate,  and  washing  the  resulting  crystals  with  weak  alcohol. 
The  acid  may  be  obtained  from  the  potash-salt,  either  by  mixing  the 
aqueous  solutions  of  1 00  pts.  myronate  of  potash  and  38  pts.  tartaric 
acid,  evaporating  to  a  certain  extent,  and  extracting  the  myronic  acid 
with  alcohol;  or,  which  is  better,  converting  the  potash-salt  into  a  baryta- 
salt,  and  precipitating  its  aqueous  solution  with  an  equivalent  quantity 

of  sulphuric  acid.  (Hespecting  this  preparation,  compare  £.  Simon,  Poffg,  .51, 
383,  and  Winckler,  Jahrb.pr.  Pharm,  3,  93).  —  Lepage  did  not  succeed  in  preparing 
myronate  of  potash  from  horse-radish. 

The  colourless  aqueous  acid  thus  obtained,  leaves,  on  evaporation,  an 
inodorous,  bitter,  and  sour,  uncrystallizable  Byrnp,  which  reddens  litmus 
strongly. 

It  contains  C,  N,  H,  S,  and  0. 

It  decomposes  when  more  strongly  heated,  yielding  various  volatile 
products.  —  Its  dilute  solution,  when  boiled  for  some  time,  gives  off  sul- 
phuretted hydrogen.  —  With  aqueous  myrosin  it  yields  oil  of  mustard. 

I'he  Myronates  are  inodorous.  They  likewise  yield  oil  of  mustard 
with  aqueous  myrosin.  They  are  all,  even  the  baryta,  lead  and  silver- 
salts,  soluble  in  water.  The  ammonia,  potash,  soda,  and  baryta-salts  are 
crystallizable.  The  potash-salt  forms  large,  transparent,  colourless 
crystals,  which  are  neutral,  permanent  in  the  air,  have  a  cooling  and 
bitter  taste,  neither  give  off  water  nor  undergo  any  other  change  at  100% 
but  fuse  at  a  stronger  heat,  swelling  up,  giving  off  an  odour  like  that  of 
burnt  gunpowder,  and  leaving  first  a  tumefied  charcoal,  and  then  sulphate 
of  potash.  Hot  nitric  acid  acts  upon  the  potash-salt  with  evolution  of  red 
fumes,  and  forms  sulphate  of  potash.  Weak  alcohol  dissolves  a  small 
quantity  of  the  potash-salt,  absolute  alcohol  none  at  all. 

Myronic  acid  dissolves  in  alcohol,  but  is  not  perceptibly  soluble  in 
ether,  (Bussy.) 
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Myrosin. 

The  emalsion-Iike  substance  in  black  and  white  mustard-seed.  The 
«eed  of  RaphanuB  sativus,  Bratsica  uVapus,  oUracea  and  eampestris. 
Erysimum  Alliaria^  Cheiranikus  Cheiri,  Draba  vema,  CardamiTve  pratensis 
and  amara  and  TAlaspi  arvensey  likewise  contain  myrosin.  (Lepage.) 

Pulverized  white  mustard  is  exhausted  with  cold  water;  the  filtrate 
evaporated  to  a  syrup,  at  a  temperature  below  40^;  the  syrup  preci- 
pitated by  a  moderate  quantity  of  alcohol;  the  precipitate  dissolved  in 
water  after  the  alcohol  has  becu  poured  ofP^  and  the  solution  evaporated 
to  dryness,  at  a  temperature  below  40°. 

Myrosin,  as  thus  obtained,  resembles  other  protein-compounds. 
When  incinerated,  it  leaves  sulphate  of  lime. 

In  the  state  of  aqueous  solution,,  it  is  coagulated  by  heat  and  also  by 
alcohol,  and  loses  its  power  of  eliminating  oil  of  mustard  from  myronic 
acid;  but  it  recovers  this  power  after  immersion  in  water  for  24  to 
48  hours. 

The  solution  of  myrosin  mixed  with  myronates,  gives  off,  after  five 
minutes,  a  faint  odour  of  mustard-oil,  which  gradually  grows  stronger; 
and  if  the  liquid,  which  has  become  turbid  and  perceptibly  sour,  be  then 
distilled,  the  mustard-oil  passes  over.  The  turbidity  proceeds  from  a 
protein-compound,  which,  when  collected  on  a  filter,  appears  like  a  whito 
cream,  and  under  the  microscope  is  seen  to  consist  of  small  globules  like 
those  of  beer-yeast ;  this  substance  does  not  eliminate  mustard-oil  from 
myronate  of  potash.  —  Myrosin  does  not  eliminate  hydrocyanic  acid 
from  amygdalin:  neither,  on  the  other  hand,  does  synaptase  (the  emul- 
sion of  almonds),  evolve  mustard-oil  from  the  myronates. 

The  aqueous  solution  of  myrosin  is  transparent,  colourless,  and  gammy, 
and  froths  when  agitated.  (Bussy,  J,  JPharm,  26,  44;  comp.  Winckler, 
Jahrh,  pr,  Pharm.  3,  93). 

2.     Oils  related  to  Oil  of  Mustard, 

Many  of  the  oils  obtained  from  cruciferous  plants  by  distillation  with 
water  exhibit,  to  a  certain  extent,  tbe  same  chemical  relations  as  oil  of 
mustard,  the  slight  differences  of  odour  perhaps  arising  from  the  pre- 
sence of  small  quantities  of  other  oils.  In  several  oils  obtained  from 
erucifene,  considerable  quantities  of  garlic-oil  may  be  detected.  Others 
again  exhibit  quite  peculiar  chemical  characters.  But  they  all  appear  to 
agree  with  mustard-oil  in  containing  nitrogen  and  sulphur. 

A.     Oils  nearly  identical  with  Oil  of  Muttard. 

a.  Oil  of  Horse-radish.  — Obtained  from  the  root  of  Cochlearia  Armo- 
racia,  by  making  it  into  a  paste  and  distilling  it  per  se.  (Einhof.)  — The 
oil  exists  in  the  root  ready  formed,  and  exhibits  its  odour  immediately 
on  triturating  the  root.  If  the  distillation  be  performed  in  a  copper 
still  with  a  tin  head,  only  a  small  quantity  of  oil  is  obtained,  in  conse- 
quence of  the  formation  of  metallic  sulphide;  hence  it  is  best  to  distil 
3  pts.  of  the  finely  chopped  root  with  2  pts.  of  water  in  a  glass  vessel; 
100  pts.  of  the  root  thus  treated,  yield  about  0*05  pts.  of  crnde  oil, 
which  must  be  rectified  with  water,  and  dried  oyer  chloride  of  calcium. 
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The  purified  oil  is  colourless  or  very  pale  jellow;  bas  a  deusity  of  1  '01 ; 
smells  like  oil  of  mustard;  and  contatus  48*41  p.  c.  C  and  5 '20  H. 
(Hubatka.)  The  crude  oil  is  light  yellow,  of  the  consistence  of  cinnamon- 
oil,  and  sinks  in  water;  it  evaporates  quickly,  and  bas  an  intolerable 
odour  of  horse-radish,  so  strong  indeed  that  a  drop  of  it  is  sufficient  to 
fill  a  room  with  the  odour;  tastes  sweet  at  first,  afterwards  sharp  and 
burning,  and  inflames  the  lips  and  tongue.  (Einhof.)  —  When  the  oil  is 
kept  for  a  year  under  water  in  a  closed  vessel,  it  disappears,  and  silvery 
needles  are  formed,  which  smell  like  horse-radish,  excite  irritation  in  the 
throat,  melt  when  heated,  exhaling  an  odour,  first  of  horse-radish,  then 
of  peppermint,  then  of  camphor,  and  volatilize  at  the  same  time  com- 
pletely; they  dissolve  but  slowly  in  alcohol.  (Einhof.)  —  The  pure  oil 
acquires,  after  a  time,  a  deeper  yellow  colour.  When  it  is  treated  with 
nitric  acid,  a  violent  evolution  of  nitric  oxide  takes  place,  and  a  porous 
substance  [nitrosinapylic  acid  ?]  separates  out;  but  long-continued  action 
is  required  to  convert  the  sulphur  completely  into  sulphuric  acid.  Oil  of 
vitriol  acts  violently  on  the  oil,  with  evolution  of  sulphurous  acid. 
Chlorine  gas  converts  the  oil,  with  formation  of  hydrochloric  acid  and 
chloride  of  sulphur,  into  a  thick  dark  mass,  which  melts  at  100^,  and 
when  treated  with  alcohol,  leaves  a  viscid  insoluble  residue,  smelling  like 
melted  sulphur.  Horse-radish  oil  not  only  yields  sinapoline  with  hydrated 
oxide  of  lead,  but  likewise  thiosinnamine  with  ammonia.  (Hubatka.) 
—  The  solution  of  horse-radish  oil  in  water  is  neutral,  forms  a  brown 
precipitate  with  neutral  acetate  of  lead,  and  black  with  nitrate  of  silver, 
The  oil  dissolves  readily  in  alcohol.  (Einhof,  N.  Gehl,  5,  365.)  Hubatka, 
Ann.  Pkarm.  47,  153;  see  also  Tingry,  CrelL  Ann.  17t)0,  2,  68;  Gutret, 
Crell.  Ann,  1792,  2,  180. 

h.  Oil  of  Scurvy-grass,  —  Obtained  from  the  fresh  herb  of  Cochlearia 
off.  The  dry  h^rb  does  not  yield  any  oil  by  distillation  with  water,  unless 
it  be  previously  mixed  with  white  mustard-flour.  The  oil  is  exactly 
like  oil  of  mustard,  but  does  not  boil  below  156*^  to  159^.  (E.  Simon, 
N.  Br.  Arch,  29,  185;  Fogg,  50,  377.)  The  oil  is  yellowish,  heavier 
than  water,  has  a  transient  penetrating  odour,  and  a  very  sharp  taste. 
(Bucholz.)  It  is  brownish  yellow  and  lighter  than  water.  (Reybaud, 
J,  Pkarm,  20,  453.)  By  2  pts.  of  faming  nitric  acid  it  is  converted  into 
a  soft  resin.  (Hasse.)  This  oil,  like  oil  of  mustard,  yields  sinapoline 
wi^  hydrated  oxide  of  lead,  and  thiosinnamine  with  ammonia,  and  the 
thiosinnamine  thus  formed  likewise  yields  hydrosulphooyanic  acid  by  dis- 
tillation with  dilute  sulphuric  acid,  and  sinnaminel  when  treated  with 
hydrated  oxide  of  lead.  (E.  Simon  )  —  The  solution  of  the  oil  in  alcohol, 
the  SpirituB  CockiearuB,  deposits,  when  kept  for  some  time,  colourless, 
inodorous,  warm-tasting,  very  delicate  needles,  which,  when  heated,  emit 
a  strong  odour  of  horse-radish,  and  blacken  a  silver  needle;  are  decom- 
posed by  nitric  acid,  giving  off*,  first  nitrous  fames  with  eflervescence, 
and  then  an  odour  of  bitter  almonds;  and  dissolve  in  oil  of  vitriol,  hydro- 
chloric acid  and  potash.  (Riem.  Jakrb,  prakt,  Pkarm.  1,  327.)  The 
SpirituB  CochlearioB  eomp,  deposits  crystals  of  sulphur.  (Lepage,  •/.  Ckim, 
mid.  17,  293.) 

e.  Oil  from  the  root  of  Erysimum  Alliaria  (Alliaria  of.)  The 
root  in  spring,  before  the  leaves  are  developed,  smells  like  horse-radish, 
and,  when  fresh  cut  and  distilled  with  water  in  a  glass  retorti  yields 
0*03  p.  c.  of  an  oil  resembling  oil  of  mustard,  and  forming  thiosinnamine 
with  ammonia.  — The  leaves  of  this  plant,  on  the  contrary,  smell  of 
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garlic,  and  yield  by  distillation  with  water,  a  watery  liquid,  having  the 
smell  and  toste  of  garlic.  Perhaps  many  crnciferons  plants  first  pro- 
duce oxide  of  allyl,  which  is  subsequently  transformed,  in  the  roots  into 
sulphocyanide  of  allyl  (oil  of  mustard),  and  in  the  leaves  into  sulphide 
of  allyl  (oil  of  garlic).  (Wertheim,  Ann.  Fharm.  52,  52.)  —  Thesml 
of  Erysimum  All.  from  sunny  situations,  yields  only  oil  of  mustard;  that 
from  other  situations  0*6  p.  c.  of  a  mixture  of  90  p.  c.  mustard  oil,  and 
10  p.  c.  garlio-oil.  (Pless.  Ann,  Fhaj-m,  58.  38.) 

d.  Oil  from  the  herb  and  seed  of  Hens  amara,  —  Behaves  like  oil  of 
mustard.  (Pless.) 

B.     Mixtures  of  the  Oils  of  Mustard  and  Garlic. 
Already  mentioned  (ix.,  372,  373). 

C.     Ftculiar  Oils. 

a.  Oil  of  Cress. — The  herb  of  Lepidium  ruderale  and  the  inodorous 
seed  of  Lepidium  ruderale^  sativum,  and  eampestre,  bruised  and  macerated 
in  water,  yield  by  distillation  a  milky  water,  from  which,  by  repeated 
fractional  rectification  in  glass  vessels,  (inasmuch  as  copper  exerts  a 
decomposing  action),  a  yellow  oil  may  be  obtained.  This  oil,  after 
further  rectification,  is  colourless,  but  turns  yellow  again  on  exposure  to 
light.  It  is  heavier  than  water,  neutral,  exhibits  the  refreshing  but 
somewhat  alliaceous  odour  and  biting  taste  of  water-cresses,  and,  when 
its  vapour  is  inhaled  in  rather  large  quantity,  produces  dryness  in  tlie 
throat  and  head-ache.  It  cannot  be  distilled  undecomposed  without 
water.  By  oxidation  with  nitric  acid,  it  yields  sulphuric  acid.  With 
mercurous  nitrate  it  forms  a  black  precipitate  of  sulphide  of  mercury; 
with  corrosive  sublimate  a  white  precipitate;  with  nitrate  of  silver, 
sometimes  white,  sometimes  black;  with  bichloride  of  platinum  in  alco- 
holic solution,  an  orange-yellow  precipitate  after  a  while.  Aqueous  pot- 
ash  and  ammonia  have  no  action  on  this  oil.  It  dissolves  with  red  colour 
in  oil  of  vitriol,  and  may  be  separated  again  by  water.  It  dissolves 
slowly  in  water,  readily  in  alcohol  and  ether.  (Pless,  Ann.  Pharm. 
58,  36.) 

The  fresh  leaves  of  Lepidium  lati folium  yield  by  distillation  with 
water,  a  neutral  oil  heavier  than  water,  together  with  a  milky,  strong- 
smelling  and  sharp-tasting  water,  which  loses  its  sharpness  by  exposure 
to  the  air,  and  likewise  in  a  few  hours  after  being  mixed  with  chlorine 
(whereupon  it  precipitates  chloride  of  barium);  it  gradually  forms  a  black 
precipitate  with  nitrate  of  silver;  blackens  metallic  silver  after  a  while; 
and  is  deprived  of  its  taste  and  odour  by  charcoal  powder.  (Steudel, 
Diss,  de  Acredine  nonnulL  Vegetah.  Tiihinj.  1805.) 

h.  Oil  of  Radish.  —  The  root  and  seed  of  Raphamis  sativus  yield  with 
water  a  milky  distillate,  from  which  a  small  quantity  of  oil  may  be 
obtained  by  rectification.  This  oil  is  colourless,  heavier  than  water,  and 
has  the  taste  but  not  the  smell  of  radishes.  It  contains  sulphur.  It 
forms  a  white  precipitate  with  corrosive  sublimate  and  yellow  with 
bichloride  of  platinum.  It  dissolves  with  tolerable  facility  in  water. 
(Pless.) 

The  same  oil  is  obtained  by  distilling  with  water  the  seeds  of  Brassica 
Napusy  Coehlearia  Draba,  and  Cheiranmus  annuus,  (Pless.) 
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3,     Peculiar  Acid  obtained  from  Mustard, 

Black  mustard,  vhetlier  previously  exhausted  with  alcohol  or  not, 
or  scurvy  grass,  or  horse-radish,  is  digested  in  water  containing  a  small 
quantity  of  carbonate  of  soda,  the  liquid  distilled  with  sulphuric  acid, 
the  distillate  neutralised  with  soda,  and  again  distilled  with  sulphuric 
acid  after  sufficient  evaporation. 

The  aqueous  acid  thus  obtained  precipitates  silver  from  the  solution 
of  the  nitrate,  like  formic  acid.  But  its  salts  crystallize  less  easily  and 
less  soluble  than  the  formiates;  the  lead-salt  dissolves  in  4  or  5  pts.  of 
water. 

p,    Nitrogen-niiclens,    C^NAdH*. 

Thiosinnamine. 

C«N»H»S»= C'N  AdH*,H»S'. 

Dumas  &  Pelouze;  Aschopp;  Robiquet  &  Bussy;  Lowig  &  Weid- 

mann:  in  the  memoirs  cited  under  oil  of  mustard. 
Ed.  Simon.     Pogg.  50,  377. 

Sen/iU-ammoniaJs,  RliodalUn. — Discovered  by  Dumas  &  Pelouze  in  1834. 

Formation,  Oil  of  mustard  absorbs  ammoniacal  gas  in  large  quantity, 
and  forms  with  it  thiosinnamiue  without  separation  of  any  substance 
whatever;  it  l>ehaves  in  the  same  way  with  aqueous  ammonia,  in  which 
indeed  it  is  converted  into  a  crystalline  mass  of  thiosinnamine.  (Dumas 
&  Pelouze.) 

C«XH»SS  +  NH'  =  CSN»H8S». 

The  formal  ion  of  a  small  quantity  of  sulphocyanide  of  ammonium  in  this 
reaction  is  merely  accidental.  Since  oil  of  mustard  cannot  be  recovered 
from  thiosinnamine  by  the  action  of  either  acids  or  alkalis,  and  as 
thiosinnamine  does  not  give  off  ammonia  when  treated  with  cold  potash, 
and  but  slowly  when  treated  with  boiling  potash,  the  arrangement  of  the 
atoms  must  have  been  altered  in  its  formation,  and  an  amidogen-com- 
pound  produced.  (Dumas  &  Pelouze.)  This  supposition  is  corroborated 
by  the  fact  that  whereas  oil  of  mustard,  when  treated  with  hydrated 
oxide  of  lead,  <S:c.,  loses  carbon  and  sulphur,  thiosinnamine  is  by  the 
same  reagents  deprived  of  sulphur  only.  (Will.) 

m 

-  Preparation.  1.  By  saturating  oil  of  mustard  with  ammoniacal  gas. 
(Dumas  &  Pelouze.)  —  By  placing  oil  of  mustard  together  with  excess  of 
ammonia  in  a  closed  bottle,  till  it  is  completely  converted  into  a  crys- 
talline mass;  dissolving  this  mass  in  water;  decolorizing  it  with  animal 
charcoal;  then  filtering;  and  bringing  it  to  the  crystallizing  point  by 
evaporation  and  cooling.  (Dumas  &  Pelouze.)  —  To  I  vol.  oil  of  mustard, 
3  or  4  vol.  strong  ammonia  may  be  taken.  If  the  non-rectified  oil  be 
used,  the  mother-liquor  decanted  from  the  crystalline  mass  is  coloured 
by  a  resinous  substauce;  but,  when  freed  frnm  this  impurity  by  boiling 
with  animal  charcoal,  it  yields  crystals  of  thiosinnamine  to  the  last  drop. 
If  it  be  not  decolorized,  the  crystals  obtained  are  less  pure,  but  larger 
and  more  developed.  (Will.)     The  two  liquids  need  not   be  agitated 


58  CAUTCHENE:  NITROGEN-NUCLEUS  CNAdH^ 

together.  As  soon  as  the  crjrstals  are  completely  formed^  the  excess  of 
ammonia  should  be  left  to  evaporate  in  the  air.  (Kobiquet  and  Bossy.)  — 
The  crystals  first  obtained  are  yellowish,  and  contaminated  with  a  large 
quantity  of  sulphocyanide  of  ammonium:  they  may  be  purified  by  repeated 
crystallization  from  water  and  by  animal  charcoal.  If  the  ammonia  be 
allowed  to  act  gradually  and  in  small  portions  on  the  oil  of  mustard,  the 
quantity  of  thiosinnamine  obtained  is  smaller,  especially  if  the  mixture 
be  frequently  heated;  and  there  remains  an  oil,  having  no  longer  a  sharp, 
but  rather  a  sulphurous  odour.  (Aschoff.) 

Properties,  White  shining  rhombic  prisms.  (Dumas  &  Pelouse.) 
Prisms  belonging  to  the  right  prismatic  system,  exactly  similar  to  those 
of  formiate  of  baryta.  (Will.)  Oblique  rhombic  prisms  often  having  the 
base  very  much  developed,  and  the  obtuse  edges  of  the  rhomboidal  faces 
replaced  by  several  planes  parallel  to  the  diagonal  of  the  base  which 
joins  the  acute  edges  of  the  prism.  (Berthelot  &  Dc  Luca.  JV.  Ann, 
Chim.  Fhys,  44,  498.)— Melts  at  70^  (Dumas  &  Pelouze),  at  74' 
(Wertheim),  to  a  colourless  liquid  (Will),  which  on  cooling  solidifies  in 
a  white  enamel-liko  mass  (Aschoff),  or  in  a  radiating  mass  (Wertheim). 
. —  Cannot  be  volatilized  without  decomposition.  (Will.)  —  Inodorous 
and  bitter.  (Dumas  &  Pelouze.)  In  moderate  doses,  it  does  not  exert  a 
poisonous  action  on  the  human  organism,  but  nevertheless  produces 
palpitation  of  the  heart,  sleeplessness,  &c.  (Wohler  &  Frerichs,  Ann, 
Fharm,  65,  342.)  Neutral  to  vegetable  colours.  (Aschoff,  Robiqnet  &, 
Bussy,  Will.)  —  Thiosinnamine  prepared  from  artificial  oil  of  mustard 
(p.  42)  exhibits  the  same  properties  as  that  which  is  obtained  from  the 
natural  oil.  (Berthelot  &  De  Luca;  Zinin.) 

.    Berthel. 
Cry$taUiz€iL  Will.      Dum.  &  Pel.    Wertheim.     Hnbotka.       & 

De  Luca. 

8C 48     ....     41-38...     40-74....     4275       ..     41-65     ....     41-02     ..     409 

2  N 28     ....     2414  ....     23-88  ...     24*62     ...     24-00     ..  .     2386        .     230 

8  H 8     ....       6-89  ....      6-91  ...       6*90     ....       7-20     ...       6-99     .  .       70 

2S 32     ....     27-59....     26-50...     16-84     ...  ....  ...     28*0 

O .  .  ....  ....       8-89 

C«N«H«S«   116  ...  100-00    ...     98-03  ...  10000    ...  ...  ...      98*9 

Wertheim  analysed  the  thiosinnamine  prepared  from  Erysimum  Alliaria; 
Habatkn,that  obtained  from  Cochlearia  off.;  Berthelot  &  De  Lilca,  that  obtained  from 
the  artificial  mustard-oil  prepared  from  iodopropylene. 

DecompotUians,  1.  Thiosinnamine  is  decomposed  when  somewhat 
strongly  heated,  leaving  a  residue  of  charcoal,  and  giving  off  white, 
pungent-smelling,  alkaline  fumes,  from  which  drops  of  oil  and  hydro- 
sulphocyanio  acid  condense.  (Aschoff.) 

2.  The  concentrated  aqueous  solution  mixed  with  chlorine-water  ex- 
hibits a  turbidity  which  disappears  after  a  while,  but  is  reproduced  by 
the  addition  of  more  chlorine,  then  disappears  again^  and  afterwards 
contains  hydrochloric,  and  sulphuric,  but  no  hydrosulphocyanic  acid.  •— 
In  like  manner,  bromine  forms  with  the  solution,  a  white  precipitate 
which  quickly  disappears,  and  is  reproduced  on  the  addition  of  more 
bromine.  When  the  bromine  has  been  added  to  the  solution  till  a 
yellowish  colour  is  produced,  the  liquid  deposits  a  red-brown  oil,  no 
longer  smelling  like  mustard-oil,  while  hydrobromic  and  sulphuric  acids 
remain  in  solution.  —  A  small  quantity  of  iodine  dissolves  in  the  con* 
ceutrated  solution  of  thiosinnamine  without  colour,  a  larger  qaaniity 
with  yellowish  colonr,  depositing  a  red-brown  oil;  and  the  litmus  rea- 
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dening  liquid   filtered   therefrom  deposits  on  boiling  a  white  powder, 
containing  sulphur  and  iodine.  (Aschofi:) 

3.  Nitric  acid  decomposes  thiosinnamine  with  formation  of  sulphuric 
acid.  (Dumas  &  Pelouze.) 

4.  When  thiosinnamine  is  distilled  with  dilute  phosphoric  or  stUphuric 
acid,  hydrosulphocyauio  acid  passes  over.  (Aschofl*,  E.  Simon.) 

5.  Mercuric  oxide  or  lead-oxide  decomposes  thiosinnamine,  forming 
sinnamine,  a  metallic  sulphide,  and  water  (Robiquet  &  Bussy,  Will): 

C8Nm»S«  +  2HgO  =  C«N2H«  +  2HgS  +  2HO. 

One  pt.  of  thiosinnamine  triturated  with  5  pts.  of  mercuric  oxide,  quickly 
becomes  heated  above  its  melting  point,  and  from  the  resulting  black 
mixture,  water  or  ether  extracts  sinnamine.  (Robiquet  &  Bussy).  Simi-* 
larly  with  oxide  of  lead  anhydrous  or  hydrated.  After  the  extraction 
of  the  sinnamine  by  ether,  there  remains  sulphide  of  mercury  or  sulpiiido 
of  lead,  mixed  with  the  excess  of  the  metallic  oxide,  but  free  from 
carbonic  acid  and  sulphocyanogen.  (Will.)  —  According  to  E.  Simon, 
there  is  formed,  besides  sinnamine,  another  alkaloid,  which  likewise 
dissolves  in  water,  alcohol  and  ether,  but  is  of  unctuous  consistence;  but, 
according  to  Will's  suggestion,  this  supposed  alkaloid  is  probably 
nothing  but  basic  acetate  of  lead,  inasmuch  as  the  hydrated  oxide  of 
lead  used  by  Simon  may  have  contained  acetic  acid.  According  to 
Marchand  &  Simon  also  («7.  pr.  Chem.  19,  235),  thiosinnamine,  freed 
from  part  of  its  sulphur  by  the  action  of  hydrated  lead-oxide  and  water, 
yields  a  filtrate  which  reddens  ferric  salts,  crystallizes  with  difficulty, 
and  again  yields  oil  of  mustard  by  distillation  with  sulphuric  acid. 

6.  Thiosinnamine  boiled  with^re^  alkalis  gives  ofi'ammoniacal  gas  but 
slowly.  (Dumas  &  Pelouze.)  — When  boiled  for  some  time  with  baryta- 
water,  it  slowly  deposits  carbonate  of  baryta,  while  the  liquid  slowly 
takes  up  sulphide  of  barium,  and  gives  off  a  small  quantity  of  ammonia 
only  when  the  baryta-water  becomes  somewhat  concentrated.  The 
remaining  liquid,  freed  from  baryta  by  carbonic  acid,  yields  by  evapo- 
ration, a  very  bitter  but  scarcely  alkaline  syrup,  which  appears  to 
contain  an  alkaloid  difierent  from  sinnamine.  (Will.) 

7.  Thiosinnamine,  heated  with  potassium  till  it  melts,  assumes  a 
brown  colour;  at  a  higher  temperature  it  detonates  slightly,  with  emis- 
sion of  black  smoke,  and  forms  sulphide  and  sulphocyanide  of  potassium. 
(AschofT.) 

Aqueous  sesquichloride  of  iron  is  gradually  deprived  of  its  yellow 
colour  and  acid  reaction  by  thiosinnamine,  and  deposits  black  flakes 
when  boiled.  Sulphate  of  copper  is  decolorized  by  thiosinnamine  if  not 
too  dilute,  and  alcohol  added  to  the  solution  throws  down  light  blue 
flocks.  (Will.) — Aqueous  thiosinnamine  forms  with  acetate  of  copper 
a  scanty  whitish  precipitate,  which  afterwards  turns  brown;  and  the 
liquid  filtered  therefrom  assumes,  when  mixed  with  protochloride  of  iron, 
a  reddish  colour,  and  yields  a  copious  white  precipitate  insoluble  in 
hydrochloric  acid.  (Aschofi*.) 

CombincUions,  Thiosinnamine  dissolves  in  cold  and  much  more 
readily  in  hot  water  (Dumas  &  Pelouze,  Will);  after  fusion,  it  dissolves 
less  easily.  (Aschoff.)  —  t.  When  thiosinnamine  (prepared  from  natural 
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nmstard-oil)  is  dissolved  in  boiling  water,  the  solution  rarclj  crystallizes 
on  cooling;  it  may  even  be  kept  in  capsales  exposed  to  the  air,  without 
depositing  crystals;  bnt  on  stirring  the  liquid  briskly  with  a  glass-rod, 
it  solidifies  in  a  mass.  Moreover,  when  thiosinnamine  is  melted  under 
a  small  quantity  of  water,  it  remains  at  the  bottom  after  cooling  in  the 
form  of  a  viscous  layer  which  preserves  its  liquid  form  for  a  long  time 
if  left  at  rest,  but  solidifies  immediately  on  agitation.  These  phenomena 
are  sufiiciently  marked  to  interfere  with  the  regular  crystallization  of 
thiosinnamine;  hence  to  efiect  the  crystallization  it  is  advisable  to  intro- 
duce into  the  tepid  liquid  a  glass  rod,  having  crystals  of  thiosinnamine 
already  attached  to  it,  and  so  placed  that  the  crystals  may  be  just  at 
the  upper  surface  of  the  liquid  or  even  a  little  above.  (Berthelot  &  De 
Lnca,  -A^.  Ann.  Chim,  Phya,  44,  499).  %. 

HydrochloraU  of  Thiosinnamine, —  116  pts.  of  pulverized  thiosinna- 
mine exposed  to  the  action  of  a  stream  of  hydrochloric  acid  gas,  and 
gently  heated  towards  the  end  of  the  action  till  fusion  takes  place, 
absorb  64*82  pts.  of  hydrochloric  acid.  The  compound,  when  exposed 
to  moist  air,  gives  off  vapours  of  hydrochloric  acid.  (Will.) 

Thiosinnamine  does  not  appear  to  combine  with  sulphiirict  nitriCt  oxalic,  or  acetic 
acid,  (t^i)].) 

Mercury-compound.  —  The  hydrochloric  acid  solution  of  thiosinnamine 
forms  with  aqueous  corrosive  sublimate  a  white  curdy  precipitate 
soluble  in  acetic  acid;  it  must  be  pressed  between  paper,  and  dried  at  a 
gentle  heat.  (Will.) 


Will. 


8C  48-0 

2N 28-0 

8  H 8-0 

2S  32-0 

4  llg 400-0 

4  CI 141-6 


7-30     .. 

.  .     7-92 

4-26     .. 

....     4-64 

1-21 

4-87 

60-83     ... 

60-57 

21-53     ... 

21-22 

C«X2H8S3,4HgCl.     657-G     ...  10000 

Aqueous  thiosinnamine  forms  with  mercurous  nitrate  a  grey  pre- 
cipitate, and  with  mercuric  nitrate,  after  a  while,  a  white  precipitate. 
(Aschoff.) 

Silver-compound.  —  a.  A  warm  aqueous  solution  of  thiosinnamine 
dissolves  a  large  quantity  of  recently  precipitated  chloride  of  silver,  and 
becomes  milky  on  cooling,  with  separation  of  a  turpentine-like  componnd 
of  thiosinnamine  and  chloride  of  silver.  (Will.) 

6.  The  thick  white  crystalline  precipitate  obtained  with  concentrated 
aqueous  solution  of  thiosinnamine  and  nitrate  of  silver,  after  being  washed 
with  water,  and  dried  at  100^,  is  greenish  white,  and  in  the  dried  state 
is  but  little  altered  by  exposure  to  light.  When  decomposed  by  aqueous 
sulphuretted  hydrogen,  it  yields  sulphide  of  silver  and  a  solution  of 
thiosinnamine  and-  nitric  acid;  hence  no  mustard-oil  is  reproduced. 
(Lowig  <&  Weidmann.) 

Dried  at  100^  L<$wig  &  Weidmann. 

8C 48     ....     16-78     16-57 

3N    42     ....     14-69     15-19 

8  H    8     ....       2-80     2-67 

2S 32     ....     11-19     11-62 

Ag 108     ....     37-76     36-58 

6  0 48     ....     16-78     17-37 

C»K-H8S2,AgO,NO*;    ...  286     ....  100*00    100-00 
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ABchoflT  formerly  made  the  following  statements  regarding  this  com- 
pound: Thiosiunamine  forms  with  nitrate  of  silver^  if  concentrated 
solutions  be  used,  a  copious  white  crystalline  coagulum,  soluble  in  excess 
of  either  reagent.  The  precipitate  turns  brown  even  in  the  dark,  and 
glimmers  when  heated^  evolving  a  large  quantity  of  cyanogen  and  leaving 
sulphide  of  silver.  If  it  be  suspended  in  water  and  slowly  decomposed 
by  sulphuretted  hydrogen  (too  rapid  decomposition  causes  rise  of  tem- 
perature and  evolution  of  nitrous  fumes),  and  the  liquid  then  distilled,  a 
light  yellow  oil  having  the  odour  of.  mustard- oil  passes  over,  together 
with  an  acid  liquid.  — The  precipitate  dissolves  when  slowly  washed  with 
water,  leaving  however  a  black  powder  probably  consisting  of  sulphide 
of  silver;  the  aqueous  solution  does  not  redden  ferric  salts.  The  pre- 
cipitate dissolves  in  warm  dilute  nitric  acid,  and  separates  again  on 
cooling,  provided  the  liquid  be  not  too  dilute,  and  has  not  been  heated 
too  long.  Very  dilute  solutions  of  thiosiunamine  and  nitrate  of  silver 
remuiu  clear  when  first  mixed,  but  turn  brown  after  a  while  and  yield  a 
black  precipitate.  (Aschofi*.) 

Aqueous  thiosinnaniiuo  forms  a  yellow-brown  precipitate  with  icr- 
cJilorule  of  gold,  (Aschoff.) 

Platinum-compound,  —  Thiosiunamine  saturated  with  hydrochloric 
acid  gas  and  dissolved  in  water  forms  with  bichloride  of  platinum  — 
which  may  contain  a  certain  quantity  of  free  hydrochloric,  but  no  nitric 
acid  —  at  ordinary  temperatures,  a  yellow-rea  precipitate,  which  fuses 
and  blackens  at  a  gentle  heat,  and  leaves  sulphide  of  platinum  when  more 
strongly  heated.  (Will.) 

If  the  precipitation  be  perforaied  with  warm  solutions,  or  if  the 
chloride  of  platinum  be  precipitated  by  thiosiunamine  dissolved  in  water 
and  mixed  witli  hydrochloric  acid,  the  precipitate  exhibits  the  somewhat 
different  composition  given  under  h,  (Will.) 

Dried  ai  100^  Will. 

a.  h, 

14-90     ....     16-8 

8-69 

2-79     ....     1-72 

9 '93 

30-73     30-C6     ...     37  to  43 

32-96     33-90     ...     19  to  20 


8C 

48-0     .  . 

2N 

28-0     ..  . 

3  H 

9-0     .  . 

2S  

32-0     .... 

Pt 

99-0     .... 

3  CI 

106-2     .  . 

CSN»lPS3.HCl  +  PtC12     322-2     ....  100*00 


Thiosiunamine  dissolves  very  readily  in  ether  and  alcohol,  whence  it  is 
partially  precipitated  by  water.  (Dumas  &  Pelouze.) 


%   Thiosinethylamine.     C»\\'H»S'=C«NAd(^5J.}H»S». 

HiNTERBERGER.     Wieiiy  Akad,   Ber.   9,  249;   Ann,  Fhaim,   83,  34 G; 

J.  pr,  Chem.  58,  263;  abstr.  N,  Ann,  Ghitn.  Fhys.  38,  107;  Fharm. 

CentT.  1852,  956.  Jahresbcr,  1852,  629. 
Weltzien.    Ann.  Fharm,  94,  103. 

Formation,     1.  By  the  action  of  ethylamine  on  mustard-oil,  (Uin- 
terberger.)  —  2.  By  the  action   of  iodide   of  ethyl   on   thiosiunamine 
(Weltzien.) 
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Preparation,  Oil  of  mustard  absorbs  gaseous  ethylamine  with  cou- 
siderable  rise  of  temperature.  Liquid  ethylamine  hisses  when  dropt 
into  mustard'oil;  and  on  adding  the  oil  to  liquid  ethylamine,  it  is  thrown 
out  by  the  violence  of  the  action.  When  ethylamine  was  passed  in 
excess  into  mustard- oil  cooled  with  ice,  a  thin  syrupy  liquid  was  formed 
having  the  odour  of  ethylamine,  and  a  bitter  aromatic  taste.  This  liquid, 
after  standing  for  some  time,  became  red-brown  but  did  not  yield  crystals 
or  form  crystallizable  salts  with  acids;  when  heated,  it  gave  off  white 
fumes,  which  condensed  to  oily,  alkaline  drops,  exhibiting  a  blood-red 
colour  with  sesquichloride  of  iron.  (Hinterberger.) 

Hydriodate  of  Tkiosinethylamine  or  Iodide  of  Thiosinethylammonium. 
—  When  thiosinnamine  and  iodide  of  ethyl  are  heated  together  in  alco- 
holic solution  and  the  liquid  evaporated,  a  white  feathery  crystalline 
mass  resembling  sal-ammoniac  is  obtained,  which  turns  yellow  in  the  air 
from  separation  of  iodine,  and  dissolves  in  water,  alcohol,  and  ether. 
(Weltzien.) 

12  C   

2N   

13  H   

2S    

I     : 


Weltzien. 

72     .. 

..     26-57     ... 

25-51 

28     .. 

..     10-33 

13     .. 

4-80     ... 

4*94 

32     . 

..     11-81 

126     ....     46-49 

46-55 

C»2Nni»«S«,HI    271     ....   100-00 

Hydrochlorate.  —  Obtained  by  decomposing  the  iodide  with  oxide 
of  silver,  precipitating  the  excess  of  the  silver  from  the  filtrate  with 
hydrochloric  acid,  and  evaporating  the  filtered  solution.  The  residue 
is  a  syrupy  uncrystallizable  mass,  soluble  in  water  and  alcohol. 
(Weltzien.) 

Platinum-saU.  —  By  saturating  the  syrupy  liquid  obtained  by  the 
action  of  ethylamine  on  mustard-oil  with  dry  hydrochloric  acid  gas, 
dissolving  the  resulting  viscid  mass  in  absolute  alcohol,  and  adding  an 
alcoholic  solution  of  bichloride  of  platinum,  yellow  needle-shaped  crystals 
of  the  platinum-salt  quickly,  separated;  the  mother-liquid,  when  left  to 
itself  for  some  time,  yielded  crystals  of  more  definite  shape.  (Hinter- 
berger.) —  Weltzien*s  hydrochlorate  mixed  with  chloride  of  platinum 
yielded  a  yellow,  easily  soluble,  indistinctly  crystalline  mass. 


12  C 

72*0     .. 

.     20-56 

8-00 

3-71 

9-14 

..     30-33 

..     28-26     . 

Hinterberger. 

2N    

13  H     

28-0     .. 

13-0     . 

2  S     

32-0     .. 

3  CI 

106-2 

Pt     

990 

28-28 

Ci9N3HWS2,HCl,PtCl=      350-2     ....  100-00 

The  salt  is  sparingly  soluble  in  water  and  alcohol.  (Hinterberger.) 
Hinterberger  has  also  endeavoured  to  prepare  compounds   of  mustard-oil  with 
uetbylamine,  propylamine  and   amylamine,  but  has   hitherto    obtained  nothing   bat 
syrupy  liquids  which  refuse  to  crytttaliize.     The  platinum-salts  of  these  compounds 
appear  however  to  be  crystallizable.  ^. 
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7.  Nitrogen^nucleus,    C'N'H*, 

Sinnamine.    c«n»h«=c«n»h*,H'. 

HoBiQUET  &  Bussy;  Will,     In  the  memoirs  cited  under  oil  of  mustard. 

DiscoTered  by  Robiquet  &  Bussy  ia  1839. 

Formation,  In  the  decomposition  of  thiosinnamine  by  meronric 
oxide  or  lead-oxide  (p.  58). 

Preparation,  1.  One  part  of  thiosinnamine  and  5  pts.  of  mercaric  oxide 
are  rabbed  together,  without  application  of  heat;  the  mass  when  cold 
exhausted  with  ether;  the  filtrate  evaporated;  the  viscid  residue  dissolved 
in  hot  water;  and  the  solution  left  to  crystallize.  (Robiquet  &,  Bussy.)  — 
2.  Pulverized  thiosinnamine  is  triturated  with  recently  precipitated,  still 
pasty,  and  well  washed  hy rated  oxide  of  lead;  the  mixture  heated  in  the 
water-bath  till  a  sample  diluted  with  water  and  filtered,  no  longer  pro- 
duces a  black  colour  with  fresh  oxide  of  lead  and  potash;  the  entire 
mass  then  repeatedly  boiled,  first  with  water  aud  then  with  alcohol, 
because  the  sinnamine  is  obstinately  retained  by  the  sulphide  of  lead; 
the  whole  of  the  decoctions  evaporated  to  a  syrup;  and  the  crystals 
which  form  after  several  months  taken  out,  and  nreed  from  the  syrup  by 
gentle  pressure  between  paper.  (Will.)  The  syrup  is  distinguished  from  the 
crystals  by  its  smaller  amount  of  water;  if  the  hydrated  oxide  of  lead  obtained  from  the 
acetate  was  not  well  washed,  the  syrup  contains  also  basic  acetate  of  lead.  (Will.) 

The  crytals  are  freed  from  their  water  of  crystallization  by  fusion 
at  100^ 

Properties.  Sinnamine  dehydrated  by  fusion  is  a  white,  slightly 
crystalline,  opaque  mass.  It  is  inodorous  and  tastes  strongly  and  per- 
sistently bitter.  (Will.)  Its  aqueous  solution  has  a  strong  alkaline  reac- 
tion. (Robiquet  &  Bussy.) 

Dried  at  100*».  Will. 

8C     48     ....  5f8-54     57-66 

2N      28     ....  34-15     33-79 

6H     6     ..  7-31     7-49 

C^N^Hfi  82     ....  100-00     98-94 

Decompositions.  1 .  Sinnamine  heated  in  a  retort  in  the  oil-bath,  gives 
ofiT  ammonia  from  160°  to  200^,  without  blackening,  and  leaves  a  yellow 
resinous  body  fC^NH'  ?1.  This  body  is  almost  insoluble  in  water,  but  dis- 
solves sparingly  in  alconol,  forming  an  alkaline  solution.  Its  solution  in 
hydrochloric  acid  becomes  milky  when  mixed  with  ammonia,  and  if 
subsequently  heated,  again  deposits  resinous  matter;  the  hvdrochloric 
acid  solution  forms  a  white  precipitate  with  corrosive  sublimate  and 
yellow  with  bichloride  of  platinum.  (Will.)  —  2.  A  cold  mixture  of 
aqueous  sinnamine  and  hydrochloric  acid  does  not  give  off  ammonia  or 
become  turbid  on  the  addition  of  potash;  but  after  the  hydrochloric  acid 
has  been  boiled,  potash  eliminates  ammonia  from  it,  and  throws  down  a 
basic  substance,  which  behaves  like  the  resinous  body  remaining  when 
sinnamine  is  heated.  (Will.)  Uydrochloric  acid  gas,  passed  over  the 
crystals  is  absorbed  without  fusion;  the  resulting  mass  when  gently 
heated  suddenly  emits  thick  white  fumes  of  sal-ammoniac,  and  leaves  a 


64  CAUTCHENE:   NITROGEN  NUCLEUS  C^NSH*. 

tameGed  residue..  (Will.)  — 4.  The  liydrated  crystals  exposed  to  a  stream 
of  sulphuretted  hydrogen  gas,  quickly  assume  a  sulphur-yellow  colour,  with- 
out losing  water,  and  if  then  gently  heated,  melt  to  a  transparent  liquid, 
which  takes  up  an  additional  quantity  of  sulphuretted  hydrogen  and 
hecomes  liver-coloured,  but  if  still  subjected  to  the  action  of  heat,  not 
however  rising  to  100^  gives  off  the  Wcater  of  crystallization,  together 
with  hydrosulphate  of  ammonia.  Ultimately  there  remains  a  trans- 
parent, liver-coloured^  inodorous  mass,  amounting  in  weight  to  94'88 
p.  c.  of  the  crystals.  This  mass  forms  with  water  or  alcohol,  a  solution, 
which  colours  lead-salts  light-red,  and  does  not  precipitate  sulphide  of 
lead  till  it  is  boiled.  (Will.)  —  If  this  decomposition  by  sulphuretted 
hydrogen  took  place  according  to  the  equation, 

C«N2H«,HO  +  2HS  =  C^NH^S  +  NU^S  +  HO, 

the  liver-coloured  mass  would  ainouut  to  only  90  p.  c.  of  the  crystals. 
(Will.) 

Coriihinations,     With  water. 

a.  Syrup,  SC^N^H*,  HO  ?  Remains  when  the  aqueous  solution  is 
evaporated  over  the  water-bath,  or  when  the  crystals  are  heated  for  a 
short  time. 

Will.  Or:  Will. 

24  C     144     ....     55  47     ...     56-13 

6  N    84     ....     32-94     ....     33-24        3C8N2H8  240     ....     96-47  ....  90-6 

19  H    19     ....       7-45     ....       7-01 

O     8     ....       3-14     ....       3-02         HO 9     ....       353  ....     34 

3  C«N«H«,HO ....  255     ....  10000     ....  100M50  255     ...  10000 

6.  Crystals.  —  Separate  from  the  syrup  when  it  is  set  aside  for  some 
time  {yid,  sup,).  White,  shining,  hard,  rhombic  prisms  belonging  to  the 
doubly  oblique  prismatic  system.  Acute  angle  of  the  prisms  about  86^. 
The  crystals  placed  in  vacuo  over  oil  of  vitriol  gradually  lose  their  lustre; 
they  melt  at  100°,  and  gradually  part  with  their  wat«r,  being  converted 
first  into  the  syrup,  and  then  into  anhydrous  sinnaminc.  (Will.) 

Air 'dried  crystals. 

C8N2H«  82  ....  90-11  ....  90-66 

HO 9  ....   9-89  ....   9-34 

C8N2H«,HO    91     ....  100-00    ....  100*00 

c.  Sinnamine  dissolves  in  water. 

Sinnaminesalts.  —  Sinnamine  expels  ammonia  from  ammoniacal  salts 
(Kobiquet  &  Bussv,  Will);  it  also  precipitates  the  salts  of  lead,  iron, 
and  copper.  (Will.)  Nevertheless  it  does  not  form  solid  salts  with  any 
acid  except  oxalic  acid  with  which  it  slowly  forms  crystals.  (Wfll.) 
The  acid  solutions  impart  a  yellow  colour  to  fir-wood.  (Hofman,  Ann. 
JPAarm.  47,  55.) 

Sinnamine  vnili  Mercuric  Chloride.  —  The  solution  of  sinnamine  in 
aqueous  hydrochloric  acid  forms  with  excess  of  aqueous  corrosive  subli- 
mate a  precipitate,  which  on  account  of  its  tendency  to  decompose  in 
washing,  must  be  merely  collected  on  a  filter,  strongly  pressed,  and  dried 
in  vacuo  over  oil  of  vitriol.  As  it  contains  14-89  p.  c.  C,  55*48  Hg  and 
17-06  CI,  its  formula  is  C«N'H«,  2HgCl.  (Will.) 
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Sinnamine  formt  with  nitrate  of  silver  a  soft  reainons  precipitate.  (^HIl.) 

PlaHnumreompaund.  —  Aqueous  sinnamine  mixed  with  a  small  quan- 
titj  of  hydrochloric  acid,  forms  with  bichloride  of  platinum,  yellowish 
white  flakes^  which  settle  down  slowly,  so  that  the  liquid  filtered  after 
standing  for  several  hours,  yields  a  fresh  precipitate,  ana  the  filtrate  from 
that  yields  another,  i&o.  All  the  precipitates  exhibit  about  the  same 
amount  of  platinum,  viz.  about  39  6  p.  c.  after  drying  in  a  current  of  air 
at  US'*;  hence  the  precipitate  is  perhaps  C*N»H«,  2HCl  +  2PtCR  (Will.) 

[The  much  more  probable  formula:  C^N^H^  PtCl^  gives  39*3  p.  c.  platinum.] 

Sinnamine  dissolves  in  ether  and  in  alcohol,  (Robiquet  &  Bussy,  Will.) 
Its  aqueous  solution  is  precipitated  by  Umnin.  (Robiquet  &  Bussy, 


f.  Sinethylamine.    C"N»h»=(?n'{(.5J5},H«. 

HiNTERBEROBB.     Ann.  Pharm.  83j  848. 

FomuUion  and  Preparation^  By  decomposing  thiosinethylamine  with 
faydrated  oxide  of  lead.  When  the  two  substances  are  heated  together 
till  a  filtered  sample  no  longer  blackens  on  the  addition  of  hydrated 
lead-oxide  and  potash,  the  resulting  mass  boiled  with  water  and  then 
with  alcohol,  and  the  solutions  evaporated, — a  dark  yellow  syrupy  residue 
is  obtained,  which  becomes  almost  wholly  crystalline  after  a  ^qw  months, 
and  when  pressed  between  bibulous  paper  and  recrystallized  from  ether, 
yields  pure  sinethylamine. 

Propertiei,  Sinethylamine  crystallizes  in  needles  arranged  in 
dendritic  croups;  tastes  very  bitter.  At  100*^  it  melts  into  a  colourless 
liquid,  which  when  touched  with  a  cold  body,  quickly  solidifies  in  a  crys- 
talline mass,  the  crystallization  spreading  from  the  point  of  contact. 

Hercury-compound.  A  solution  of  sinethylamine  forms  with  aqueous 
mercuric  chloride  a  white  flucculent  precipitate,  which,  when  heated  over 
the  water-bath,  melts  to  a  yellow  resinous  mass,  solidifying  in  the  crystal- 
line state  on  cooling. 

Hinterberger. 

12  C    72'0    ....     13-95     1363 

2N   28-0    ....       5-44 

10  H    10-0     ....       1-93     1-82 

3  CI   106-2     ....     20-57 

#•  3  Hg 300-0     ..     5811     58-65 

C'*N«H»o,3HgCl 516-2     ....  10000 

Platinum-compound.  C"N*H»^HCl  +  PtCR— A  solution  of  sine- 
thylamine in  hydrochloric  acid  forms  with  bichloride  of  platinum,  reddish 
yellow  feathery  crystals,  yielding  by  analysis  31*55  p.  c.  platinum;  the 
precedin<i^  formula  requires  31*24  p.  c. 

Sinethylamine  is  msoluble  in  water,  but  dissolves  in  alcohol  and  ether, 
forming  solutions  which  have  an  alkaline  reaction.  (Hinterberger.)  IT 
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BUTYLENE  SERIES. 
A.    Prihart  Series. 

Primary  Nucleus.  Butylene.   C»H% 

Faraday   (1825).     Fhil  Trans.  1825,  440;  aim  Sehw.  47,  340  and  441; 

also  Pogg,  5,  308. 
KoLBE.     Ann,  Fhaiin,  69,  258. 

Bute,  Buipren,  motf  volatile  oil  ^f  oiUgat,  Ditetryl,  Butyrene,  Tetrylene, 

Formation,  1.  By  the  dry  distillation  of  gljcerides.  (Faraday.) 
Batylene  is  also  produced,  together  with  caoutchene,  and  other  still  less 
volatile  oils,  in  the  dry  distillation  of  caoutchouc.  (Bouchardat.)  —  2.  In 
the  decomposition  of  valerate  of  lime  by  the  galvanic  current.  (Kolbe.)  — 
3.  In  the  decomposition  of  valerianic  acid  vapour  at  a  red  heat.  (Hof- 
mann.)  —  4.  In  the  decomposition  of  butylic  alcohol  by  oil  of  vitriol  or 
by  chloride  of  zinc.  (Wurtz,  p.  72.)  —  5.  In  the  decomposition  of  iodide 
of  butyl  by  potassium.  (Wurtz,  p.  72.) 

Preparation.  1 .  Oil-gas,  prepared  on  the  large  scale  for  illumination/ 
by  passine  fixed  oils  and  other  fats  through  moderately  red-hot  iron 
tubes,  and  consisting  of  a  mixture  of  several  gases,  deposits  under  a 
pressure  of  30  atmospheres,  a  thin  oily  mixture  composed  almost  entirely 
of  butvlene,  benzin  (C"H«),  and  an  oil  (C"H«  1),  which  boils  at  S5-5\ 
(Faraday.)  —  1000  cubic  feet  of  oil-gas  yield  about  a  gallon  of  the  mix- 
ture. It  is  transparent  and  colourless;  sometimes  however  green  by 
reflected,  and  veliow-brown  by  transmitted  light;  neutral;  of  sp.  gr.  0*821 
at  — 18°.  It  burns  with  a  bright  flame;  is  buib  slowly  decomposed  by 
nitric  acid;  and  is  scarcely  soluble  in  water  or  in  aqueous  alkalis,  but 
dissolves  readily  in  alcohol  and  ether.  It  boils  for  some  time,  even  at 
ordinary  temperatures,  as  soon  as  the  increased  pressure  is  removed. 
(Faraday.)  —  When  this  oil  is  gradually  heated  to  38^  in  a  distillatory 
apparatus  provided  with  a  cooled  receiver,  and  the  distillate  several  times 
partially  rectifled  at  a  continually  lower  temperature,  the  benzin  and  the 
oil  C"Ii"  are  left  behind  more  and  more  completely,  and  butylene  in  the 
pure  state  is  obtained  a«i  the  most  volatile  distillate.  Sometimes  a  few  deli- 
cate needles,  which  have  not  been  further  examined,  condenii«  together  with  the  buty* 
lene;  they  melt  and  voUtilize  at  — 13^  to  —12^ —  After  the    butylene  has  been 

removed  by  distillation,  there  remains  a  mixture  of  beuzin  and  CH*, 
which  does  not  boil  below  85*5^;  and  when  this  mixture  is  cooled  to 
— 18*^,  the  benzin  orvstallizes  out,  and  may  be  separated  by  stirriqg  and 
pressure  from  the  oily  C^H*,  which  may  then  be  poured  off.  (Faraday.) 
—  2.  Aqueous  valerate  of  potash  is  decomposed  by  the  current  of  a 
Bunsen*s  battery  (see  Valerianic  acid),  and  the  evolved  gas  is  passed 
through  a  tube  surrounded  with  a  frigorifio  mixture  and  through  alcohol, 
to  condense  and  absorb  the  admixed  vapour  of  valyl  [butyl],  then  through 
water  to  take  up  the  alcohol,  and  then  through  strong  potash-solution 
and  over  hydrate  of  potash  to  abstract  carbonic  acid  and  water.  There 
then  remains  a  mixture  of  27*8  vol.  butylene-gas  (which  may  be  absorbed 
by  oil  of  vitriol)  and  72*2  vol.  hydrogen. 
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Properties,  Thin^  transparent^  ooloorless  oil,  wboBe  epeoifie  gravitj 
at  +12-2''  would  be  0*627.  Boils  between  —  I S""  and  0^  Its  vapour  or 
gas  is  27  or  28  times  as  heavy  as  hydrogen.  [Therefore,  vaponr^lensity 
=  1*8711  to  1*9404].  Its  tension  at  15*5°  is  e<jaal  to  4  atmospheres. 
(Faraday.)     Vapour-density  =  1*993.  (Kolbe.) 

• 

Calculatioii,  according  to  Faradaj  t  Vol.         Density. 

8C 48     ....     86-71  C-vaponr....     8     ....     3*3280 

8  H 8     ....     14-29  H-gaa  8     ....     0*5544 

C^H*  ....    56    ....  100*00  Butylene-gas   2    ....     3*8824 

1     ....     1*9412 

Decwnposiiume.  1.  The  oil  bums  with  a  brilliant  flame.  1  vol.  of 
the  gas  exploded  with  excess  of  oxygen,  consumes  6*3  vol.  oxygen  and 

produces  4*3  vol.  carbonic  acid  gas.  Kolbe  obtained  very  nearly  the  same 
results.  [The  8  toL  hydrogen  contained  in  2  vol.  bntylene  gas  consume  4  vol.  O-gas; 
the  8  vol.  carbon  vapour  therein  consumed  8  vol.  O-gas,  and  produce  8  vol.  carbonic 
acid]  -—  2.  One  vol.  oil  of  vitriol  absorbs  100  vol.  butylene-gas  very 
quickly  and  with  great  rise  of  temperature.  If  however  too  much 
heating  takes  place,  the  absorption  is  incomplete  and  there  remains  a  gas 
which  bums  with  a  pale  blue  flame.  No  sulphurous  acid  is  evolved. 
Oil  of  vitriol  charged  with  the  gas  is  very  much  darkened,  exhibits  a 
peculiar  odour^  and  generally  becomes  turbid  on  addition  of  water,  with- 
out however  giving  off  any  gas,  and  is  converted  into  a  conjugated  acid 
which  forms  peculiar  salts.  [C^H^,2S0'  1].  (Faiaday.)  —  3.  Butylene 
gas  unites  with  an  equal  volume  of  chlorine  gas,  quickly  condensing  to 
chloride  of  butylene  C^H^Cl',  and  other  products  richer  in  chlorine. 
(Faraday,  Kolbe.)  Pentachloride  of  antimony  acts  in  a  similar  man- 
ner. (Kolbe.)  —  4.  When  the  gas  obtained  by  decomposing  valerianic 
acid  vapour  at  a  red  heat  (ix,  395)  is  mixed  with  bromine  vapour,  au 
oily  liquid  is  obtained,  the  least  volatile  portion  of  which  appears  to 
consist  of  bromide  of  butylene  C^H^Br*.  (Hofmann,  Chem,  Soc.  Qu.  J.  3, 
121.) —  By  the  action  of  bromine  on  butylene,  Cahours  has  also  obtained 
the  compound  C^H'Br.  (CompL  rend,  31,  291.) 

CombincUions,  Water  shaken  up  with  the  gas  absorbs  it  in  small  quan- 
tity. —  Aqueous  hydrochloric  acid  and  alkalis  have  no  action  upon  it. 

Alcohol  absorbs  a  ybtj  large  quantity  of  the  gas,  acquiring  a  peculiar 
odour,  and  afterwards  effervesces  when  mixed  with  water.  —  OiU,  both 
Jlaed  and  volatile,  likewise  absorb  the  gas;  olive-oil  six  times  its  volume 
(Faraday.) 


IT.    Butyl.    C«H«  or  C'«H»={5gI 

KoLBR.     Chem,  Soc.  Mem,  3,  278;  Fkil,  Mag,  J,  JTS],  31,  348;  abstr. 

Ann,   Pharm   64,  339;  —  more  fully:   Chem.  Soc,  Qu.  J.  2,  157; 

Ann.  Pharm.  89,  257. 
WuRTZ.     iV.  Ann.  Chim,  Phys.  42,  144;  Ann,  Pharm,  93, 112. 

Butyle,  Buiylium  (Wttrti);  Vaiyl  (Kolbe);    2V/ry/ (Gerhardt.)— Discovered  by 
Kolbe  in  1847. 

p  2 
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Formatitm  and  Preparation.  1.  Bj  the  action  of  potadsiam  on  iodide 
of  botyl, — butylene  and  hydride  of  butyl,  C'H**,  being  formed  at  the 
same  time  (Wnrtz): 

2C8H»I  +  2K  *  2KI  +  {^H«} 

«  2KI  +  C8H8  +  C»H»«. 

The  two  subRtanoes  enclosed  together  in  a  sealed  glass  tube  and  heated 
in  the  water-bath  for  seyeral  days,  act  slowly  on  each  other,  the  potas- 
sium swelling  up  considerably,  and  being  converted  into  a  mass  of  iodide 
of  potassium  saturated  with  a  colourless  liquid.  To  ensure  complete 
decomposition  the  potassium  must  be  in  excess.  On  opening  the  tube  after 
cooling,  butylene  gas  escapes^  and  the  remaining  liquid,  when  gently 
heated,  gives  off  vapours  of  hydride  of  butyl,  which  may  be  condensed 
by  a  frigorific  mixture*  The  boiling  point  then  rises  quickly  to  100^,  and 
at  105°,  the  butyl  distils  over.  (Wurtz.) 

2.  By  the  dectrolygit  of  Valerianic  acid : 

CWHioQ*  =  cm*  +  2C02  +  H. 

When  an  electric  current  from  four  Bunsen's  cells  is  passed  through  a 
cold  saturated  solution  of  valerate  of  potash,  hydrogen,  carbonic  acid, 
and  butylene  gases  are  evolved,  and  an  oily  liquid  rises  to  the  surface 
consisting  of  butyl  and  valerate  of  butyl  (rid.  Valerate  of  Potash).  On 
boiling  this  liquid  with  an  alcoholic  solution  of  potash,  valerate  of  potash 
gradually  separates,  while  the  butyl  remains  dissolved  in  the  alcoholic 
liquid,  and  may  be  purified  by  washing  with  water,  drying  over  chloride 
of  calcium,  and  rectification. 

Pivperties.  Colourless,  oily  liquid,  lighter  than  water,  and  having  a 
faint  odour.  (Wurtz.)  Light  ethereal  oil,  having  an  agreeable  ethereal 
odour,  and  a  density  of  0694  at  18^.  (Kolbe.)  Boils  at  105^  (Wurtz); 
4it  108**  (Kolbe.)     Vapour-density  4053.  (Kolbe.) 


8  C  .: 48 

9  H  9 

....     84-21     

....     15-79     

WurU. 
84-26 
1615 

Rolbe. 
..     841     ...     84-6 
..     15-9      ...     15-8 

C«H» 57 

C-vapoar 

H-gas 

....  10000     

Vol.          Density. 
.     8     ...     3-3280 
9     ....     06237 

100-41 

Or: 

..  100-0       ..     99-8 

Vol.             Density. 
16     ....     6-6560 
18     ...     1-2474 

Butyl-vapour  .. 

..     1     ...     3-9517 

2     ...     7-9034 
1     ...     3-9517 

[Respecting  the  vapoor- volume  of  the  alcoliol-raclicals,  vid.  yii.,  171 — 174.] 

Decompodtions.  Butyl  is  very  inflammable  and  bums  with  a  strongly 
luminous  flame.  (Kolbe.)  Under  certain  circumstances,  as  in  the  decom- 
position of  iodide  of  butyl  by  potassium  (p.  101),  it  splits  up  into  buty- 
lene and  hydride  of  butyl.  According  to  Kolbe  also,  it  is  resolved  by 
the  influence  of  nascent  oxygen,  during  the  electrolysis  of  valerate  of 
potash,  into  butylene  and  water  [C«H»  -{-  0  =  C^H«  -f  HO].  It  is  not 
oxidized  by  ordinary  nitric  acid,  or  by  a  mixture  of  chromate  of  potash 
and  sulphuric  acid;  but  strong  fuming  nitric  acid,  especially  if  mixed 
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wttli  SQlphorlc  add,  oxidizes  it  oompletely  after  lonff  boiling,'  foruiing 
apparently  a  mixture  of  butyric  and  nitrobutyrio  aoias.  —  Dry  chlorine 
gaa  appears  not  to  act  on  butyl  in  the  dark,  but  the  faintest  ray  of  light 
is  sufficient  to  induce  the  formation  of  hydrochloric  acid  vapours  and  of 
chlorinated  subtitution-products,  the  liquid  being  finally  converted  by 
an  excess  of  chlorine,  into  a  viscid  mass.  —  Bromine  acts  in  a  similar 
manner,  but  less  strongly.  -^  Iodine  dissolves  in  butyl,  without  decom- 
posing  it. 

CombinaUans,  Butyl  does  not  appear  to  combine  directly  with  any 
element  excepting  iodine;  but  according  to  the  radical  theory,  it  exists 
in  a  great  number  of  compounds  homologous  with  the  ethyl  compounds. 
It  is  insoluble  in  water,  but  dissolves  in  all  proportions  in  alcohol  and 
ether.  (Kolbe.) 

Hydride  of  Buiyl  C«H«>=C*H',H.  —  This  compound  has  not  yet 
been  obtained  perfectly  pure,  but  is  evolved,  together  with  butvlene,  by 
the  action  of  chloride  of  zinc  on  butylic  alcohol.  When  butylic  alcohol 
is  heated  with  excess  of  anhydrous  chloride  of  zinc,  and  the  evolved 
gases  are  passed,  first  through  a  tube  surrounded  with  ice  and  inclined 
upwards  to  condense  the  less  volatile  hydrocarbons  formed  at  the  same 
time  and  allow  them  to  flow  back  again — then  throueh  a  tube  sur- 
rounded with  a  freezing  mixture,  a  very  volatile,  mobile,  colourless 
liquid  condenses  in  this  tube,  and  on  being  removed  from  the  freezing 
mixture,  quickly  evaporates,  yielding  a  mixture  of  about  equal  volumes 
of  butylene  and  hydride  of  butyl.  The  butylene  may  be  absorbed  by  a 
coke-ball  saturated  with  anhydrous  sulphuric  acid,  and  hydride  of  butyl 
then  remains  nearly  puve  — 

Calculation :  Vol.         Density. 

8C    48     ....     82-76  Cyapour...     8     ....     3*2480 

10  H     ....     10     ....     17-24  H-gM  10    ....     0-6930 

C»HW 58     ....  1000  Vap.  ofC8HJ«....     2    ....     3-9410 

1     ....     1-9705 

I  vol.  of  the  gas  which  reaiained  after  absorption  of  the  butylene 
yielded  by  explosion  with  oxygen,  4*26  vol.  C0»  consuming  7 "2 1  0,  and 

exhibiting  a  condensation  of  3*95  vol.  Now  1  vol.  hydride  of  butyl  (regarded 
as  diatomic)  contains  4  toI.  C- vapour,  which  consume  4  vol.  O,  producing  4  vol.  CO,, 
and  5  vol.  H,  which  consume  2*5  yo  «  O,  making  together  6-5  vol.  O,  and  exliibiting  a 
condensation  of  3*5  vol.  The  differs  \x  probably  arises  from  the  vapour  of  hydride  of 
bntyl  being  at  a  temperature  only  a  .«w  degrees  above  its  boiling  point,  and  therefore 
not  having  attained  its  full  amount  o  expansion.  (Wurtz.) 


IT.    Oxide  of  Butyl,  or  Butylic  Ether. 

C»H»0=C»H»,HO  or  C"H'K)».-5{J^}o» 

WuRT2.  N.  Ann.  Chim.  Fhys,  42,  152;  Ann.  Fharm,  93. 

Obtained:    1.  By  the  action  of  iodide  of  butyl  on  butylate  of  po- 

tafiaiam: 

C»H*KO»  +  C«H»I  =  KI  +  C"H»«03. 
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The  prodaot  however  ib  diffionit  to  purify  from  bntjlio  aloohol^  the 
boiling  points  of  the  two  liquids  differing  but  little  from  each  other. 
The  portion  which  distilled  over  between  lOO""  and  104°  had  a  very 
agreeable  odour,  but  contained  only  71  p.  c.  carbon,  whereas  the  cal- 
culated quantity  is  73*8.  If  the  excess  of  butylic  alcohol  be  saturated 
with  potassium  and  the  resulting  liquid  treated,  while  still  hot,  with 
iodide  of  butyl,  a  very  energetic  action  takes  place,  resulting  in  the 
formation  of  butylic  alcohol  and  butylene: 

C8H»K0«  +  <?Hn  «  C»H«»02  +  CBH»  +  KL 

2.  By  the  action  of  iodide  of  butyl  on  oxide  of  silrer  — 

C8H»I  +  AgO  «  Agl  +  C»H»0. 

Dry  oxide  of  silver  is  completely  decomposed  by  iodide  of  butyl  at  J  00^, 
with  formation  of  iodide  of  silver  and  butylic  ether,  accompanied  however 
with  small  quantities  of  butylene,  water,  butylic,  alcohol,  and  carbonate 
of  butyl: 

(?¥P1  +  AgO  4  H0«  C8H»0»  +  Agl, 
2Cmn  +  2AgO  =  C^H'W  +  C^Hs  +  2AgI. 

The  formation  of  water  and  carbonic  acid  is  probably  due  to  the  oxidis- 
ing action  of  the  excess  of  oxide  of  silver.  (Wurtz.) 


v.    Vinobutylic  Ether. 

WuBTZ.    N.  Ann,  Chim,  Phyz.  42, 118;  Ann.  Pharm.  93. 
Bthylohuiylie  ether ^  Buiylate  qf  Ethyl,  Bthylate  qf  ButyU 

Obtained  by  the  action  of  iodide  of  ethyl  on  butylate  of  potassium, 
in  the  cold: 

C«H«K02  +  C^H'I  «  KI  +  ^hI}os. 

On  distilling  the  mixture  after  two  days*  standing,  the  excess  of  iodide 
of  ethyl  passes  over  first,  then  the  vinobutylic  ether,  then  (above  95^) 
the  excess  of  butylic  alcohol.  The  last  portion  was  again  treated  with 
potassium,  the  first  portion  added  to  it,  in  order  to  form  a  fresh  quantity 
of  vinobutylic  ether,  and  the  whole  product  rectified,  the  portion  which 
passed  over  between  78®  and  80°  being  collected  apart. 

Colourless  liquid,  of  sp.  gr.  0*7507;  has  an  agreeable  odour. 

Wiirti. 

12  C    72    ....     70-58    70-15 

14  H  14     ....     13-72     14-04 

2  O  16     ....     15-70     15-81 

eiSHMQi 102    ....  10000    100-00 
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%    Butylic  Alcohol, 
C«H"0«=C«HSH»0«=C»H>0,HO=^*^'  \0K 

WcBtz.  (1852.)  Compt  rend.  35,  310;  IrutU.  1852,  277;  Arch,  ph. 
not,  21,  147;  Ann.  Fharm.  85,  197;  J.  pr.  Chem.  57,  305;  Pharm. 
Cenfy-.  1852,  798.  Further  and  more  fully:  ^\  Ann,  Chim,  Phyi. 
42,  1;  Ann,lPharm,  93,  107. 

HydnUeZ^f  Butyl,  HydrAted  Oxidt  of  Butyl,  Tetrylic  Alcohol,  Hydrate  qf 
Tetryl, 

Sources,  In  some  kinds  of  fusel-oil,  viz.,  in  potato -fosel-oil,  and  in 
that  whieh  is  obtaiiied  in  the  rectification  of  the  alcohol  produced  from 
the  molasses  of  mangold- wurzel.  Different  samples  of  the  latter,  however,  con- 
tained Terj  different  qaantities  of  butylic  alcohol,  and  some  samples  none  at  alL 
(Warts.)  —  From  the  experiments  of  Medlock  also  (Ann,  Pharm,  69,  217),  and  from 
others  made  in  the  Giessen  laboratory,  it  appears  that  this  alcohol  does  not  always 
exist  in  potato-fuael-oil. 

Formation,  By  the  fermentation  of  grape-sngar,  whereby  it  may 
be  produced  either  alone  or  in  conjunction  with  yinic  and  amylic 
alcohols,  as  shown  by  the  following  equations  (Wurtz): 

C24HM024  =  2C«HM02  +  8CO«  +  4HO 

2ca«HM0>*  -  2C»H»203  +  C^H^OO^  +  C^H«0«  +  16C0«  +  8H0. 

• 

Preparation,    Fusel-oil   obtained  in   the  rectification  of  mangold- 
wnrzel  molasses  is  subjected  to  fractional  distillation,  the  portions  which 
distil  over  between  80°  and  105^  105'' and  11 5^  115°  and  125^  being 
collected  apart.     The  first  portion  is  washed  with  water,  and  the  sepa- 
rated oily  layer  repeatedly  rectified,  the  portion  which  passes  over  at 
104^  being  each  time  collected  apart.     The  latter  is  mixed  with  the 
portion   which  distilled  over  between    105°  and  115°,  and  with  that 
part  of  the  last  fraction   (between   115°  and  125°)  which,  when  the 
latter  was  repeatedly  rectified,  passed  over  below   115°.     The   whole 
of  the  distillates  obtained  between    105*^  and   115°  are   then   mixed 
together  and  boiled  for  48  hours  with  a  concentrated  solution  of  caustic 
potash,   in  snch  a  manner  that  the   vapours  may  be   condensed  and 
allowed  to  run  back  again;  the  impure   butylic  alcohol  then  distilled 
over;  separated  from  the  water  which  passed  over  with  it;  afterwards 
mixed  with  half  its  weight  of  quick  lime  to  dehydrate  It  more  completely, 
and  distilled  off  after  standing  for  24  hours;  this  distillate  repeatedly 
rectified;  and  the  portion  which  passes  over  between  108°  and   110^ 
collected   apart:    if    the  boiling    point  remains    within    these   limits 
during  the  distillation,  the  butylic  alcohol  thus  obtained  is  very  nearly 
pore.     The  process  of  rectification   may  be  considerably  abridged   by 
interposing  between  the  flask  and  the  condensing  apparatus  an  upright 
tube  with  two  bulbs  and  having  a  thermometer  inserted  into  its  upper 
part;  the  less  volatile  portions  then  condense  on  the  sides  of  the  tube 
and  run  back  into  the  flask,  whereby  the  separation  of  the  more  volatile 
jwrtions  is  greatly  facilitated.-*Wurtz  first  obtained  butylic  alcohol  from  potato. 
ibsel  oil.    When  this  liquid  was  distilled,  the  thermometer  remained  stationary  for  a 
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long  time  between  108*^  and  118°;  the  liqoid  which  psased  over  between  these  tempe- 
ratures was  collected  apart,  set  aside  for  48  hoars  m  contact  with  caustic  potash,  and 
repeatedly-  rectified,  the  portion  which  passed  over  at  112°  being  collected  apart. 
(Compt,  rend,  35,  310.) 

For  complete  parification,  the  butjlic  aloohol  is  conyerted  into  iodide 
of  batyl  (p.  160),  which  boils  at  121^  and  is  easily  separated  bj  fractional 
distillation  from  iodide  of  ethyl,  boiling  at  7^,  and  iodide  of  amyl  at 
146'';  the  iodide  of  butyl  converted  into  acetate  by  treating  it  with 
acetate  of  silrer;  the  acetate  of  batyl  decomposed  by  continued  boiling 
with  strong  solution  of  potash,  the  yapours  being  condensed  and  made  to 
rnn  back;  and  the  butylic  aloohol  thereby  separated,  decanted  and 
rectified  oyer  caustic  baryta.  (Wurtz.) 

JProperties.  Transparent,  colourless  liquid,  more  mobile  than  amylio 
alcohol,  and  having  an  odour  similar  to  that  of  the  latter,  but  less 
pungent  and  more  vinous.  Does  not  turn  the  plane  of  polarization  of 
fight.  Sp.  ffr.  =0-8032  at  18-5®,  Boiling  point  110^  Vapour  den- 
sity 2-589.  (Wutrz.) 


8  C  

48     ....     64*86     .... 

a. 
....     64-55     .. 
....     13-90    .. 
....     21-55     .. 

b. 
..     64-49    .. 
..     13-53     ,. 
..     21-98    .. 

..     64*94 

10  H 

2  O 

10    ....     13-51     .... 

16     ....    21-63    .... 

.,     13-65 
..     21-41 

C8Hi«0»   74    ....  100-00    100-00    ....  100-00    ....  10000 

Vol.  Density. 

C-vaponr 8    3*3280 

H-gas 10     0-6930 

O-gas 1     1-1093 

Yap.  of  Batylic  Alcohol         2     5-1303 

1     2-5651 

The  analyses  a  and  h  were  made  with  bntylic  alcchol  purified  merely  by  fractional 
distillation  (p.  71) ;  and  boilmg  at  110°;  c,  with  the  purer  product  obtained  by  decom- 
posing batylic  acetate  with  potash,  and  boiling  at  109*'. 

Decompositiotis.  1.  Butylic  alcohol  takes  fire  on  the  approach  <^  a 
burning  body,  and  bums  with  a  bright  flame.  —  2.  Potassium  decom- 
poses it  with  evolution  of  hydrogen,  forming  butylate  of  potassium 
C'H'KO*.  —  3.  Caustic  potash  in  a  state  of  fusion  converts  it  into 
butyric  acid,  with  eyolution  of  hydrogen  and  formation  of  a  butyrate. 
When  dropt  upon  soda-lime  heated  to  250°,  it  is  likewise  decomposed 
with  eyolution  of  hydrogen  and  formation  of  a  butyrate.  —  4.  Hydro- 
chloric acid  heated  in  a  sealed  tube  with  butylic  alcohol,  converts  it 
into  chloride  of  butyl  (p.  102).  —  5.  Pentachloride  and  oxychloride 
of  phosphorus  likewise  convert  it  into  chloride  of  butyl.  —  6.  Bromine 
and  phosphorus  added  alternately  in  small  portious  convert  butylio 
alcohol  into  bromide  of  butyl,  with  evolution  of  hydrobromic  acid 
(p.  101) — 7.  Similarly,  iodine  and  phosphorus  give  rise  to  the  for- 
mation of  iodide  of  butyl  (p.  100).  —  8.  Oil  of  vitriol  acts  violently  on 
butylic  alcohol,  the  mixture  becoming  very  hot  and  strongly  coloured, 
while  sulphurous  acid  is  evolved,  and  an  oily  layer  separates  out,  con- 
sisting chiefly  of  hydrocarbons  polymeric  with  butylene.  When  the 
alcohol  is  rapidly  mixed  with  excess  of  oil  yitriol,  great  heat  is  pro- 
duced, and  gas  is  given  off  in  small  quantity,  which  may  however  be 
increased  by  external  heating;  it  consists  chiefly  of  butylene,  tosether 
with  sulphurous  and  carbonic  acid.  —  When  butylic  alcohol  is  gradually 
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mixed  with  an  eqaal  volame  of  oil  of  ritriol,  and  the  vessel  kept  oool, 
sulphobutylic  acid  is  produced  —  9.  Bntylic  alcohol  heated  with  excess 
of  chloride  of  zinc  is  decomposed,  with  formation  of  batylene,  hydride  of 

batyl,  and  other  less  volatile  hvdrocarbons  (p.  66).  The  butylene  is  formed 
by  simple  abstraction  of  water :  C"H1%<b  C^H^  +  2HO ;  the  excess  of  hydrogen  which 
the  hydride  of  butyl  contains  more  than  the  butylene  appears  to  be  derived  from  the 
liquid  hydrocarbons  formed  at  the  same  time.  The  mixture  of  these  hydrocarbons 
which  remained  in  the  retort  began  to  boil  a  little  above  100* ;  but  the  boiling  point 
gradually  rose  to  300**  or  even  higher.  The  portion  which  distill^  over  l^ween 
240^  and  280**  exhibited  the  following  composition : 

ColculitHon, 
WUrtx.  ....    CPH8     ....     C>*H«    ....    C«H» 

C 86-49     ....    86-11     85-72    ....    86*75      ...     8633 

H 13-95     ....     13-91     14-28     ....     13-25      ....     13*67 

100-44     ....  10002     10000    ....  100*00      ....  100-00 

The  formation  of  the  hydride  of  butyl  may  possibly  take  place  as  represented  by 
one  of  the  foUowing  equaUons:  4C8H8  «  C^HW  +  C«*H=;— 6C8H8  =-  C^H^  +  C«HW 
(Wurtx.) 

10.  With  Chloride  of  Cyanogen,  bntylic  alcohol  forms  chloride  of  butyl 
and  bntylic  nrethane : 

2(?HMO»  +  C*NCl  =  (?H»a  +  C»NH"CH. 

If  the  bntylic  alcohol,  as  is  generally  the  case,  contains  a  little  water' 
carbonate  of  butyl  and  sal-ammoniac  are  formed  at  the  same  time: 

2CWH»«0«  +  CNCl  +  2H0  =  2((?B?0,Ciy)  +  NH*a. 

(E.  Humann,  N,  Ann,  Chim.  Pky$.  44,  437 ;  Ann,  Pharm.  95,  256 ;  Ckem,  Soc. 
Q«.  /.  8,  274.) 

ComhinaHon9,  Butylic  alcohol  dissolves  in  10^  times  its  weight  of 
water  at  18^,  and  is  precipitated  therefrom  as  an  oily  layer  on  addition 
of  chloride  of  calcinm,  chloride  of  sodium,  or  any  other  easily  soluble 
salt.  —  It  dissolves  chloride  of  calcium,  forming  a  crystallizable  componnd, 
—  It  also  dissolves  recently  fused  chloride  cf  zinc  at  ordinary  tempera- 
tures, forming  a  syrupy  liquid.  (Wnrtz.) —  IT. 


Butyral.    C«H»,0». 

Chancel.  (1845.)    N,  J.  Pharm.  7,  113. 
GucKELBERGEB.     Ann.  Pharm,  64,  52. 

Butyric  Aldide,  Butyric  Aldehyde,  Butaldid,  Bu/yrale,  Butyraldehyde.  {Nebute,} 

Formation,  1.  By  the  dry  distillation  of  butyrate  of  lime.  (Chancel.) 
—  2.  By  the  distillation  of  casein,  fibrin,  albumin,  or  gelatin  wiUi 
manganese  and  dilnte  sulphuric  acid.  (Guckelberger). 

Preparation.  1 .  Butyrate  of  lime  in  considerable  quantity  is  subjected 
to  dry  distillation,  and  the  bu^ral,  which  boils  at  95°,  separated  bv 
repeated  fractional  distillation  m)m  the  butyrone  which  boils  at  144  , 
and  an  oil  whose  boiling  point  is  225%  the  fractionation  being  continued 
till  the  boiling  point  becomes  constant.  (Chancel.)  —  2.  By  the  same 
process    as   for  the    preparation    of    propylic   aldide  (ix.  400,   401). 


74  BUTYLENE:    PRIMARY  NUCLEUS  C«H». 

After  the  latter  has  passed  over  between  65^  and  70°,  butylio  aldide  is 
obtained  as  the  principal  product  between  70°  and  100%  and  being  less 
soluble  in  water  than  the  propylic  aldide,  may  be  separated  therefrom 
by  agitation  with  water.  (Gnckelberger.)  To  obtain  it  perfectly  pure, 
crystalline  butyral-ammonia  (q.  v.)  is  prepared  from  it,  and  suspended 
in  water;  a  concentrated  solution  of  alum  added  in  sufficient  quantity  to 
cause  the  mixture  to  redden  litmus;  the  liquid  distilled,  and  the  butyral 
separated  from  the  distillate,  dehydrated  over  chloride  of  calcium,  and 
rectified.  (Gnckelberger.) 

Properties.  Thin  transparent,  colourless  oil,  which  does  not  solidify 
when  surrounded  with  a  mixture  of  solid  carbonic  acid  and  ether. 
(Ciianoel.)  Sp.  gr.  0-821  at  22^  (Chancel);  080  at  15°  (Guckelberger). 
Boils  steadily  at  95°  (Chancel);  at  68°  to  75°  (Guckelberger).  Vapour- 
density  =  2'61.  (Chancel.)  Has  a  brisk  penetrating  odour,  a  burning 
taste,  and  is  neutral  (Chancel);  it  has  an  ethereal  somewhat  pungent 
odour  and  a  burning  taste.  (Guckelberger.) 

Vol.  Density, 

C-yapour 8     3'3280 

H-gas  8     0*5544 

O-gas    1     1-1093 


Guckelberger. 

8C  

...     48 

....     66-67 

66-23 

8  H  

..        8 

....    nil 

11*23 

2  O  

...     16 

22-22 

22-54 

C8H802....     72     ....  10000     10000  Butyral.  vapour    2     4-9917 

1     2-4958 

Chancel's  analyses  likemse  agree  with  the  formula. 

Decompositions,     Butyral  is  yery  inflammable  and  bums  with  a  bright 
flame  slightly  tinged  with  green  at  the  edges.  (Chancel.)  —  2.  In  the 
air  or  in  oxygen  gas,  especially  in  presence  of  platinum-black,  it  absorbs 
oxygen  and  soon  turns  sour,  but  without  colouring,  in  consequence  of  the 
formation  of  butyric  acid,  which  may  be  extracted  by  a  small  quantity 
of  water;  in  a  stoppered  bottle  completely  filled,  it  remains  nnaltered. 
(Chancel.)     It  quickly  turns  acid  on  exposure  to  the  air.  (Guckelberger). 
—  3.  With   chlorine   or  bromine   it  rapidly  gives   off  hydrochloric  or 
hydrobroniic  acid,  and  yields  products  containing  chlorine  or  bromine, 
such  as  C«CiH'0»,  C«CPH«0«,  C»CPH*0»,  C8C1*H*0»  (Chancel).  —  4.  In 
contact  with  crystallized  chromic  acid,  it  takes  fire  with  slight  detona- 
tion. (Chancel.)  —  5.  With  dilute  nitric  acid,  it  gives  off  nitrons  fumes 
and  yields  nitropropionic  acid  (ix.  430).    (Chancel.)  —  6.  Heated  with 
water  and  oxide  of  silver,  it  easily  reduces  the  metal,  without  evolution 
of  gas,  and  the  water  takes  up  a  silver-salt  containing  butyric  acid,  or 
perhaps  a  butyrous  acid  C^H^O*.  (Chancel.)     According  to  Guckelberger's 
analysis  of  the  silver-salt  thus  formed,  it  appears  to  be  butyrate  of  silver. 
An  aqueous  solution  of  butyral  mixed  with  ammonia  and  then  with 
nitrate  of  silver  till  the  alkaline  reaction  disappears,  silvers  the  vessel 
very  beautifully  on  the  application  of  a  gentle  heat.  (Chancel,  Guckel- 
berger.)—  7.  Butyral  gradually  added,  with  agitation,  to  twice  its  bulk 
of  fuming  oil  of  vitriol,  yields,  with  evolution  of  heat,  a  dark  red  solution, 
which  at  100°,  gives  off  a  very  small  quantity  of  sulphurous  acid  and  turns 
brown,  but  does  not  blacken,  and  if  subsequently  diluted  with  water, 
yields  a  very  small  quantity  of  butjrric  acid,  bnt  not  any  trace  of  a  con- 
jugated sulphuric  acid.    (Chancel.)      Consequently  the  sulphuric  acid 
converts  a  portion   of   the  butyral    into  butyric    acid    by  oxidation 
r  Chan  eel)  i 


BUTTRIL.  75 

8.  When  2  parto  of  batyral  are  distilled  with  8  pts.  of  pentaohloride  of 
phosphorus^  chlorobatyleoe  (=Batak=C^ClH^)  is  obtained  (Chancel): 

5C«H80a  +  2PC1«  «  5C8C1H7  +  5HCI  +  2P0»  (Chancd). 

9.  Bntyral  coats  hydrate  of  potash  with  a  brown  crust,  and  when  gently 
heated  with  aqueous  potash  forms  a  brown  lumpy  mass.  (Guckelberger.) 

ConUfinations.  Butyral  on  the  one  hand  takes  up  a  certain  quantity 
of  water;  and  on  the  other,  dissolves  sparingly  in  water,  imparting  its 
peculiar  odour.  (Chancel.) 

BuTTRAL-AHHONiA  —  Butyral  prepared  by  (2)  forms  with  strong 
ammonia  a  crystalline  mass,  and  with  very  dilute  ammonia  a  milky 
liquid,  which  soon  deposits  crystals  and  becomes  transparent.  —  If  the 
butyral  is  contaminated  with  propylal  (propyl ic  aldide)  —  which  is  the 
.  Case  when  it  is  prepared  by  (2),  —  and  if  it  be  then  mixed,  first  with 
water,  and  then  with  dilute  ammonia,  the  butyral-ammonia  is  completely 
precipitated  in  the  crystalline  form,  so  that  the  filtrate,  when  distilled 
with  sulphuric  acid,  yields  pure  propylal.  —  The  resulting  crystals  are 
collected  on  a  filter,  washed  with  dilute  ammonia,  pressed  between 
paper,  and  dried  over  lime  in  an  atmosphere  of  ammonia.  —  The 
crystals  thus  formed  are  very  small  acute  rhombic  octohedrons;  the 
alcoholic  or  ethereal  solution  yields  by  spontaneous  eyaporation,  large 
tables  having  their  acute  edges  truncated.  The  crystals  after  drying 
remain  unaltered  in  a  dry  atmosphere,  but  in  damp  air,  or  if  they 
have  not  been  dried,  they  turn  brown  like  aldehyde-ammonia,  and 
acquire  an  empyreumatic  odour.  —  When  gently  heated,  they  melt 
without  loss  of  ammonia;  if  the  heat  be  then  slowly  raised,  the  liquid 
boils,  and  at  a  temperature  somewhat  above  100",  yields  a  sublimate  of 
transparent  and  colourless  drops,  which  solidify  on  cooling,  and  perhaps 
consist  of  the  unaltered  compound;  at  a  still  higher  temperature,  am* 
monia  is  given  off.  —  Aqueous  acids  decompose  butyral-ammonia,  sepa- 
rating the  butyral  which  rises  to  the  surface  in  oily  drops;  cold  potash 
does  not  eliminate  ammonia  from  it.  When  sulphuretted  hydrogen  gas 
is  passed  through  the  alcoholic  solution  of  butyral-ammonia,  an  empy- 
reumatic odour  is  evolved  like  that  of  thialdine  (ix.  313);  and  from 
the  resulting  liquid,  which  does  not  deposit  crystals,  ether  extracts,  on 
agitation,  a  sulphuretted  oil,  which  immediately  forms  a  crystalline 
compound  with  hydrochloric  acid.  —  Butyral-ammonia  is  nearly  insoluble 
in  water,  but  dissolves  readily  in  ether  and  alcohol;  the  alcoholic  solution 
becomes  turbid  on  the  addition  of  water,  and  in  a  few  hours  deposits  the 
greater  part  of  the  compound.  (Guckelberger.) 

(Crystallized.  Gnckelberger. 

8  0 48  ..  26-82  26-69 

1  N 14  ....  7-82  7-81 

21  H 21  ....  11-73  11-87 

12  0 96  ....  53-63  5363 

NH»,C8H«0«  +  lOHO      179    ...  100-00    10000 

Chancel's  btityral  prepared  by  (1)  does  not  according^  to  Cbaneel  and  Henneberf^, 
absorb  ammoniaeal  gas ;  neither  does  it  appear  to  be  altered  by  aqneons  ammonia.  This 
diffBTcnoe  and  the  higher  boiling-point  lead  to  the  suspicion  tltfit  Uie  products  (1)  and  (2) 
are  not  identical  but  isomeric  compounds  (Gnckelberger). 
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Butjral  mixes  in  all  proportions  with  vtood-spirit^  dUokol^  ether^  and 
fusd'oiL  (Chancel.) 


Butyric  Acid.    C«H«,0*. 

Chetrbul.     J,Pharm,  3,  80.  — -4«n.  Chim,  Pkys.  23,  23;  also  &Amf. 

89,  179.  —  Recherches  sur  les  corps  gras.  115  and  209* 
Pblouzb  &  Gi^Lis.     i^.  Ann.  Ckim,  Phys,  10,  434;  abstr.  Ann,  Pharm, 

47,  241 ;  abstr.  J.  pr.  Chem.  29,  453. 
WuRTZ.     iT.  Ann.  Chim.  Pkyi.  11,  253;  also  Compt,  rend,  18,  704;  also 

J.pr,  Chem,  32,  501. 
Lerch,    Ann.  Pharm.  49,  217. 

Acide  buiyriquei  BuitersaUre*  —  Discovered  by  Cherreul  in  1814 — 1818. 

Sources.  1.  Butyric  acid  has  been  found,  either  in  the  free  state  or 
combined  with  bases:  In  many  samples  of  gastric  juice  riiedemann  & 
Gm.);  also  in  a  liquid  discharged  in  i^  case  of  cancer  ot  the  stomach 
(Bachner,  Repert.  52,  155);  once  inhuman  urine  (Berzelius,  Po^j^.  18, 
84);  in  the  liquid  expressed  from  the  chopped  flesh  of  man  and  of  various 
animals  (Scherer.  Ann.  Pharm.  69,  196);  in  the  fruit  of  Ceratonia 
SUiqua,  which,  when  distiUed  with  dilute  sulphuric  acid,  yields  0*6  p.  c. 
butyric  acid  (Redtenbacher,  Ann.  Pharm.  57,  177);  also  in,  the  old  fruit 
of  oapindtu  Saponaria  and  Tamarindua  indica  (Gorup-Besanez,  Ann. 
Phai-m.  69,  369);  in  the  milk  of  the  cow-tree  after  it  has  turned  sour 
(Marchand,  J.  pr.  CJiem.  21,  48),  ^.  Also  in  cod-liver  oil  (R.  Wagner, 
J.pr.  Chem.  46,  155);  in  flesh-juice  (Scherer,  Ann.  Pharm.  69,  196);  in 
crude  oil  of  amber  (Marsson,  Arcft,.  Pharm.  [2],  62,  1);  in  liquid  from 
the  spleen  (Scherer,  Verhandl,  der  phys-med.  UeselUch.  zu  Wurzbury,  2, 
298);  in  perspiration  (Schotten,  Arcfdv.  f.  physiol.  HeiUcunde,  11,  73; 
Brendecke,  Arch.  Pharm.  [2],  70,  34).  —  2.  Combined  with  glycerine  in 
the  form  of  butyrin  and  mixed  with  other  fats;  in  the  butter  of  the  cow 
and  of  other  mammalia.  (Chevreul.) 

Formation.  1 .  By  the  dry  distillation  of  various  substances.  In  tiiat 
of  tobacco  for  example;  whence  the  liquid  which  collects  in  the  smoking  of  tobacco 
contains  butyric  acid.    (Zeise,  /.  pr.  Chem.  29,386.)  —  2.   In  the  Butyric  add 

Fermentation,  which  takes  place  sometimes  in  sugar,  starch,  and  similar 
bodies  in  contact  with  protein-compounds,  sometimes  in  the  latter  when 
alone,  and  appears  to  be  always  preceded  by  a  lactic  acid  fermentation. 

The  aqueous  solution  of  common  sugar,  grape-sugar,  gum-sugar,  milk- 
sugar,  or  dextrin,  mixed  with  an  equal  weight  of  powdered  chalk  and 
]  0  p.  c.  of  ordinary  cheese  either  new  or  old,  or  fresh,  moist,  coarse  gluten, 
and  set  aside  for  some  weeks  in  a  warm  place,  either  in  an  open  vessel, 
or  in  a  vessel  provided  with  a  cork  and  gas-delivery  tube,  becomes  turbid 
and  viscid;  acquires  the  odour  of  sour  milk;  gradually  loses  its  sweet 
taste;  and  finally  becomes  so  thick,  that  the  vessel  may  often  be  inverted 
without  the  contents  running  out.  At  about  this  stage  of  the  process, 
the  solution,  which  also  contains  a  little  alcohol,  yields  on  addition  of 
alcohol,  a  white,  pasty  precipitate,  possessing  all  the  properties  of  gum, 
so  that  the  solution  then  precipitates  neutral  acetate  of  lead.  After  the 
solution  has  stood  for  a  somewhat  longer  time,  its  viscidity  diminishes; 
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earbonio  acid  is  eyolved;  and  crystals  of  lactate  of  lime  are  fonne<l  ia 
eueli  qaantity  thai  the  whole  becomes  solid.  Gradaally,  however,  these 
crystals  disappear;  the  liqaid  recovers  its  transparency;  and,  after  the 
lapse  of  6  to  12  weeks  (reckoned  from  the  beginning  of  the  experiment) 
when  the  eyolution  of  gas  has  ceased,  contains  nothing  but  butyrate  of 
lime,  with  a  very  small  quantity  of  lactate,  and  traces  of  acetate  of  lime, 
alcohol,  and  a  volatile,  odoriferous  substance.  Mannite  cannot  be  de- 
tected at  any  stage  of  the  fermentation.  —  Sometimes,  however,  these 
phenomena  are  less  sharply  defined,  namely  when  the  formation  of 
butyric  acid  takes  place  simultaneously  with  that  of  lactic  acid.  At 
the  commencement  of  the  process,  the  hydrogen  in  the  evolved  gaseous 
mixture  does  not  exceed  10  to  15  per  cent.,  but  in  the  later  stages,  it 
amounts  to  between  55  and  60  per  cent.  The  sugar  appears  therefore  first 
to  be  converted  into  a  gum;  then  into  lactic  acid,  which  combines  with  the 
lime  and  expels  the  carbonic  acid;  and  finally  into  butirric  acid.  (Pelonze 
A  G^lis.) 

[Since  lactic  acid  is  C»H»0",  and  butyric  acid  C^H'O*,  the  evolution 
of  hydrogen  together  with  the  carbonic  acid,  which  proceeds  first  from 
the  chalk,  and  afterwards  from  the  decomposing  lactic  acid,  is  explained 
by  the  foUowing  equation:  C»H«0»=C«H«0*+4CO'  +  4H.] 

Respecting  the  formation  of  lactic  acid  in  this  process,  see  Laciie  acid. 

Diabetic  urine,  which  contains  mpe -sugar,  together  with  animal 
matters,  likewise  exhibits  the  butync  acid  fermentation.  This  liquid, 
set  aside  between  \5°  and  B5%  with  or  without  beer -yeast,  ferments  the 
more  quickly  as  the  temperature  is  higher;  exhibits  a  continually  in- 
creasing whrite  turbidity,  from  separation  of  globules  which  appear 
transparent  under  the  microscope,  and  look  like  globules  of  beer-yeast; 
gives  off  carbonic  acid  and  hydrogen  gases,  first  in  the  proportion  of 
1  :  2  to  2|,  and  ultimately  in  that  of  to  1  :  f  to  ^.  After  5  to  28  days, 
when  the  evolution  of  gas  has  ceased,  the  urine  is  turbid;  has  a  rancid 
odour;  reddens  litmus;  and  no  longer  contains  suffar  or  urea^  but  a 
larger  quantity  of  ammoniacal  salts  and  butyric  acid,  which  passes  over 
together  with  an  odoriferous  principle  on  distilling  the  liquid  with 
tartaric  acid.  The  fermented  urine  does  not  contain  either  alcohol  or 
acetic  acid.  A  few  drops  of  sulphuric  acid  stop  the  fermentation  of  the 
diabetic  urine,  but  a  small  quantity  of  alkali  accelerates  it.  Boiling  the 
urine  suspends  the  fermentation  for  a  while;  so  that  the  urine,  if  boiled 
every  d  or  4  days,  may  be  kept  for  a  month.  Healthy  urine  mixed  with 
grape-sugar  behaves  like  diabetic  urine.  (Fomberg,  Ann,  Pharm.  63,  360.) 

If  into  an  aqueous  solution  of  grape-sugar,  which  does  not  ferment 
by  itself,  pieces  of  white  paper,  previously  exhausted  by  potash  and 
water,  be  introduced,  the  solution  begins  to  ferment  between  17^  and 
40^,  a  large  quantity  of  carbonic  acid  [and  hydrogen  ?]  being  evolved, 
and  butyric  acid  formed,  but  no  alcohol.  (Dopping  6l  Struve,  Ann. 
P^anw.  41,  275.) 

Starch  in  contact  with  animal  matters,  likewise  passes  into  the 
butyric  acid  fermentation.  The  fibrous  residue  of  the  preparation  of 
potato-starch,  which  still  contains  a  large  quantity  of  starch  and  a  small 
quantity  of  animal  matter,  if  left  for  two  or  three  days  in  a  pot,  at  a 
temperature  above  30^  gives  off  carbonic  acid,  and  forms  'butyric  and 
acetic  acids.  (Scharling,  Ann,  Pharm,  49,  213.)  —  When  starch  paste 
or  boiled  potatoes,  stirred  up  with  water,  are  mixed  with  fiesh,  a  large 
quantity  of  butyric  acid  is  formed  in  six  days,  with  evolution  of  gas. 
(Schuberty «/.  pr,  Cl^em.  36,  47;  comp.  Liebig,  Ann.  Pharm,  57,  125.)  — 
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Wheat  accidentally  spoiled  and  saturated  with  sea-water  in  ships,  smells 
strongly  of  butyric  acid,  and  when  distilled  with  water,  yields  this  acid, 
together  with  valerianic  acid.  (L.  L.  Bonaparte,  dmipt  rend,  21,  1076.) 
—  IF  Butyric  acid  is  also  formed  in  the  fermentation  of  wheat-floar, 
when  that  substance  is  stirred  up  with  water,  and  left  to  ferment  in  con- 
tact with  ^  pt.  carbonate  of  lime;  the  addition  of  cheese  accelerates 
the  formation  of  the  butyric  acid,  but  likewise  gives  rise  to  the  forma- 
tion of  lactic  acid.  (H.  Schulze,  Arch.  Pharm.  [2l  57,  272.)  IT. 

When  fresh  or  dry  marsh-mallow  roots,  coarsely  bruised,  or  exhausted 
with  ether  and  alcohol,  and  thereby  freed  from  sugar,  are  placed  toge- 
ther with  8  or  12  times  their  quantity  of  water,  at  a  temperature  of  15^ 
to  25°  in  a  flask  provided  with  a  gas-delivery  tube,  and  left  for  about 
six  weeks,  till  the  evolution  of  gas  ceases  and  the  pieces  of  root  sink  to 
the  bottom,  the  liquid  is  afterwards  found  to  contain  butyric  acid,  toge- 
ther with  small  quantities  of  alcohol  and  aeetic  acid.  During  the  fer- 
mentation, the  water  becomes  turbid  and  deposits  yellowish- white  flocks. 
At  the  same  time,  nitrogen  gas  is  first  evolved,  and  afterwards  a  mix- 
ture of  that  gas  with  a  very  large  excess  of  carbonic  acid  and  with 
hydrogen.  The  latter  amounts  in  the  mixture  at  first  to  70,  then  to 
only  33  to  25  per  cent.,  and  does  not  yield  any  trace  of  carbonic  acid 
when  exploded  with  oxygen.  After  the  fermentation,  the  root  is 
found  to  be  dissolved  in  the  form  of  a  pasty  mass,  the  gum  has  dis- 
appeared, and  the  asparagin  is  converted  into  aspartate  of  ammonia. — 
The  fermentation  takes  place,  even  if  the  liquid  be  constantly  main- 
tained in  a  slightly  alkaline  state.  —  The  bulbs  of  lilies  behave  like 
marsh-mallow  roots,  excepting  that  the  liquid  must  be  neutralized  with 
chalk.  At  first  a  very  small  quantity  of  nitrogen  gas  is  evolved,  then 
carbonic  acid  and  hydrogen,  and  butyrate  and  acetate  of  lime  are  formed. 
Quince-seeds  immersed  in  wator,  likewise  evolve  carbonic  acid  and 
hydrogen  gases,  and  yield  butyric  and  acetic  acid.  —  On  the  other  hand, 
the  roots  of  Symphytum  of,  and  the  seed  of  Flantago  Psyllium  yield  the 
same  gases,  but  no  butyric  acid,  only  acetic.  (Larocque.) 

A  butyric  acid  ferment  may  also  be  obtained  from  marsh-mallow 
roots,  lily  bulbs,  and  from  Semen  Cyd^miorum,  Psyllii  and  Lini.  Thus, 
when  fresh  marsh-mallow  roots  are  bruised  and  fermented  for  8  or  10 
days  with  a  six-fold  quantity  of  water,  the  liquid  strained  through  linen, 
yields  with  alcohol  a  viscid  coagulnm,  which  maybe  washed  with  water, 
and  preserved  under  water.  This  substance  is  elastic  like  gluten.  It 
difiuses  itself  in  water,  and  is  partially  dissolved  thereby.  If  1  pt  of  it 
together  with  a  small  quantity  of  water,  be  exposed  to  the  air  for  two 
or  three  days,  and  a  solution  of  5  pts.  sugar  in  83  pts.  water  be  then 
added,  together  with  2  pts.  of  chalk,  nitrogen  gas  is  evolved  at  first,  but 
after  48  hours  carbonic  acid  and  hydrogen  are  given  off  with  only  a 
small  quantity  of  nitrogen,  and,  in  the  course  of  four  weeks,  lactate  and 
butyrate  of  lime  are  formed,  but  no  alcohol.  If  the  chalk  be  left  out, 
nothing  but  nitrogen  gas  is  evolved  for  the  first  9  days,  and  it  is  only 
when  the  chalk  is  subsequently  added,  that  the  other  two  gases  are 
given  ofi*,  and  the  two  acids  formed.  (Larocque,  N,  J,  Pharm,  6,352.) 
That  the  acid  produced  by  the  fermentation  of  marsh-mallow  roots,  lily- 
bulbs,  and  quince-seeds,  is  really  butyric  and  not  valerianic  acid,  is 
shown  by  Larocque's  analysis  of  the  silver-salt.  (A^.  J,  Pharm.  10,  107.) 

Tan,  when  brought  to  a  state  of  fermentation,  is  usually  exhausted 
with  water,  and  in  the  sour  tanrliqu<yr  thus  produced  the  hides  are  soaked. 
This  liquor  yields  butyric  acid  by  distillation.  (Jul.  Chautord^  N,  J*. 
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Fharm.  7,  455,  and  J,  pr.  Ckem.  86,  43.)  According  to  later  analyses 
of  sllver-saltBy  Chautard  &  V.  Dessai^nea  {N.  J,  Pharm.  13,  244;  also 
J»  pr.  Chem,  45,  49)  suppose  the  aoia  of  soar  tan-liquor  to  be  a  variable 
mixture  of  propionic  and  valerianic  acids.  [But  to  judge  from  the 
boiling  point,  which  ranges  from  140°  to  160°,  the  acid  appears  to  be 
chiefly  butyric  acid.      The  gum  and  pectic  acid  of  the  oak-bark  are  I 

probably  converted  into  butyric  acid  by  the  action  of  the  animal  skins.l  \ 

Pure  protein  substances,  even  when  not  in  contact  with  sugar,  starcn,  \ 

&c.  likewise  yield  butyric  acid  b^  putrefaction.  —  Moist  fibrin,  left  to 
putrefy  in  summer,  deliquesces,  with  formation  of  butyrate  and  acetate 
of  ammonia.  (Wurtz,  JS.  Ann.  Chim  Phys,  11,  253;  also  J,  pr.  Chem, 
32,  501;  compare  Bopp,  Ann,  Pharm.  69,  16.) 

Pure  casein,  putrefying  under  water  in  summer,  yields  butyrate  and  j 

valerate    of  ammonia,  together   with    other   products.    (Iljenko,  Ann.  ^ 

Pharm.  63,  364);  hence  also  the  strong-smelling  Limburg  cheese  con*  I 

tains  butyrate,  valerate,  caproate.  caprylate,  and  caprate  of  ammonia. 
(Iljenko  &  Laskowsky,  Ann,  Pharm.   55,  78.)  | 

IT  When  2  oz.  of  fibrin  prepared  from  ox- blood  and  free  from  fat,  j 

were  mixed  with  2  drachms  of  bicarbonate  of  ammonia,  the  mixture  stirred  I 

np  with  water  to  a  thin  paste,  carbonic  acid  gas  passed  through  it  at  a  j 

temperature  of  37°  to  44^,  during  the  da^  for  a  month,  the  flask  con- 
taining the  mixture  being  closed  at  night,  the  gas,  after  passing  through 
had  a  cheesy  odour,  in  fact  that  of  butyric  acid;  it  likewise  contained 
sulphuretted  hydrogen  at  one  stage  of  the  process.  The  putrefied  mass 
yielded  nothing  soluble  in  ether,  but  was  found  to  contain  acetic,  butyric, 
and  valerianic  acid.  Six  ounces  of  fibrin  mixed  with  3  oz.  of  chalk, 
stirred  up  to  a  thin  paste  with  water,  and  left  for  some  months  at  37% 
yielded  acetic,  butyric,  valerianic,  and  capric  acid.  Cassein  gave  similar 
results.  (Brendecke,  Arch.  Pharm.  [2]  70,  26.) 

Butyric  acid  is  likewise  found  among  the  products  of  the  putrefaction 
of  yeast.  (A.  Aliiller,  J.  pr.  Ohem.  57, 1 62,  447.)  It  is  also  formed,  together 
with  succinic  and  valerianic  acids,  by  the  fermentation  of  malate  of 
lime.  (Rebling,  Arch.  Pharm.  [2]  67,  300.)  Certain  kinds  of  fuci,  viz. 
Fticus  wnctUosu^  and  Fucus  nodosua,  fermented  in  contact  with  lime, 
yield  acetic  acid  together  with  a  small  quantity  of  butyric.  (Stenhouse, 
Phil.  Mag.  [4],  1,  24.)  According  to  Salvetat,  safflower  yields  butjrric 
acid  by  spontaneous  decomposition.  {N.  Ann.  Chim.  Phys.  25,  337.)  IT. 

3.  Fibrin  heated  to  160^  — 180  ,  in  contact  with  potash-lime,  also 
yields  butyrate  of  ammonia.  (Wurtz.) 

4.  Many  organic  compounds  distilled  with  nitric  acid,  or  with  a  mix- 
ture of  sulphuric  acid  and  peroxide  of  manganese,  or  chromic  acid,  yield 
a  distillate  containing  butyric  acid. 

Maynas  resin  (from  calophyllum)  treated  with  nitric  acid,  yields 
butyric  acid;  (B.  Lewy,  N.  Ann.  Chim.  Phys.  10,  283.)  —  Oleic  acid, 
similarly  treated,  yields  butyric  acid,  together  with  several  other  acids. 
—  When  casein,  albumin,  fibrin,  or  gelatin  is  distilled  with  dilute  sul- 
phuric acid  and  oxide  of  manganese  or  chromate  of  potash,  a  mixture 
of  acids  passes  over,  the  most  abundant  of  which  is  butyric  acid. 
(Gnckelberger,  Ann.  Pharm.  64,  39,  and  79.)  —  IF.  Gluten  of  wheat 
distilled  with  manganese  and  sulphuric  acid,  also  yields  butyric  acid, 
together  with  other  volatile  fatty  acids.  (F.  Keller,  Ann.  Pharm.  72, 
24.)  %  The  more  volatile  portion  of  the  empyreumatic  oils,  obtained 
by  distillation  of  rape-oil,  yields  a  small  quantity  of  butyric  acid  when 
it  is  heated  with  strong  nitric  acid,  or  when  its  vapour  is  passed  over 
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heated  sodarlime.  (Schneider,  Ann.  Pharm,  70,  109.) — %.  Oil  of  tar- 
pontine  oxidized  with  nitric  acid,  yields  bntyric  acid,  together  with 
propionic  and  acetic  acid.  (F.  G.  Schneider,  Wien.  Akad,  Ber,  Nor. 
and  Deo.  337;  Jakreaber.  1849,  447.) — Caprylic  alcohol,  oxidized  with 
dilute  nitric  acid,  yields  butyric  acid,  together  with  other  acids.  (Bonis, 
Compt.  rend.  33,  141.  —  Butyl  (obtained  by  electrolysis  of  valerianic 
acid)  oxidized  with  nitric  acid,  yields  an  acid  liquid  which  smells  of 
butyric  acid,  and  appears  to  be  a  mixture  of  butyric  and  nitrobutyrio 
acids.  (Kolbe,  Ann.  Pharm.  69,  275.)  %. 

Preparation.  A.  From  the  Butter  of  Cow's -miUs.  — This  rabttance  ii  a 
mixture  of  glycerine-fats,  by  whose  saponification,  the  volatile  butyric,  caproic,  oapry* 
lie,  and  capric  acids,  and  the  fixed  oleic  and  margaric  acids  are  produced. — 1.  Butter 
IS  saponified  in  a  still  with  potash-ley;  the  product  supersaturated  with 
dilute  sulphuric  acid;  half  the  liquid  distilled  off;  the  water  decanted  from 
the  residue;  and  the  liquid  again  distilled  till  the  water  which  passes  over 
no  longer  reddens  litmus.  The  resulting  milky  distillates,  on  which  a  fat 
greasy  mass  floats,  consisting  of  caprylic,  and  capric  acids,  are  immediately 
saturated  with  baryta-water;  preserved,  till  the  distillation  process  is 
finished,  in  well  stoppered  bottles;  the  united  baryta-liquids  then  boiled 
down  to  f\f  in  the  open  body  of  the  still,  after  it  has  been  cleaned;  and  the 
remaining  liquid  transferred  to  a  retort,  and  eyaporated  to  complete  dry- 
ness. The  residue,  which  amounts  to  about  10  per  cent,  of  the  butter, 
consists  of  a  portion  more  soluble  in  water  (amounting  to  95  p.  o.  of  the 
residue),  and  composed  sometimes  of  butyrate  and  caproate,  sometimes  of 
yaccinate  of  baryta,  and  a  less  soluble  portion  (5  per  cent),  composed 
of  caprylate  and  caprate  of  baryta.  The  entire  resiaue  is  boiled  with  six 
times  its  weight  of  water,  the  liquid  filtered  from  the  sparingly  soluble 
portion,  and  the  filtrate  eyaporated  to  the  cryeftallizing  point.  If  the 
first  crop  of  crystals  consists  of  silky  needles  of  caproate  of  baryta,  per- 
manent in  the  air  and  haying  the  appearance  of  benzoate  of  lime,  then 
the  butyrate  of  baryta  will  oe  found  in  the  mother-liquor.  If,  on  the 
contrary,  small,  quickly  efflorescing  crystals  are  obtained,  arranged  in 
geodes  of  the  size  of  nuts,  such  crystals  consist  of  yaccinate  of  baryta, 
and  it  may  then  be  concluded,  that  the  butter  used  in  the  preparation 
did  not  contain  either  bntyric  or  caproic  acid.  (A  sample  of  butter  obtained 
in  the  very  dry  summer  of  1842,  during  which  the  cows  were  fed  to  a  great  extent  upon 
straw,  and  also  butter  of  the  following  winter,  yielded  nothing;  but  vaocinic  add ;  a 
sample  obtained  in  the  summer  of  1843,  yielded  nothing  but  butyric  and  caproic  add.) 
—  If  the  aboye-mentioned  filtrate  yields  needles  of  caproate  of  baryta^  this 
salt  separates  out  almost  completely  at  the  proper  degree  of  concentra- 
tion, in  crystals  which  may  be  puriBed  by  pressing  and  recrystalliza- 
tion;  and  the  mother-liquor  eyaporated  in  the  sunshine,  yields  at  first  a 
few  more  needles  of  the  caproate,  but  afterwards  pearly  lajninie  of  butyrate 
of  baryta^  which  may  likewise  be  purified  by  crystallization.  (Lerch.) 
(For  the  preparation  of  the  acid  from  the  baryta-salt,  vid.  ir^f.) 

2.  Four  parts  of  butter  are  heated  to  100**  with  1  pi  hydrate  of  pot- 
ash and  4  pts.  water,  till  the  mass  becomes  translucent  and  uniform,  and 
yields  a  clear  solution  with  water;  the  solution  diluted  with  so  much 
water  that  it  will  no  longer  draw  out  into  threads  at  the  temperature  of 
50^,  then  decomposed  by  an  exactly  equivalent  quantity  of  tartaric  acid; 
the  solidified  mixture  of  margaric  and  oleic  acid  separated,  after  cooling, 
from  the  lower  liquid,  and  washed  with  water:  the  greater  part  of  the 
potash  precipitated  from  the  lower  liquid  by  further  addition  of  tartaric 
acid;  that  liquid  decanted  from  the  cream  of  tartar;  and  distilled,  toge- 
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ther  with  the  wash-water  of  the  margaric  and  oleic  acid  and  the  riusings 
of  the  cream  of  tartar.  The  distillate  is  neutralized  with  baryta-water^ 
and  evaporated  to  dryness.  The  residue^  which  as  a  mixture  of  buty- 
rate,  caproate,  and  oaprate  of  baryta,  is  treated  for  24  hours  with  2*77 
pts.  of  cold  water,  the  undissolved  portion  again  with  2*77  pts.  of  water, 
&c,  till  nothing  but  carbonate  of  baryta  remains  uudissolve<l.  As 
bntyrate  of  baryta  requires  2*77  pts.  of  cold  water  to  dissolve  it,  the 
first  solution  contains  that  salt,  with  but  small  quantities  of  tbe  other 
«ilts,  whereas  the  following  solutions  consist  chiefly  of  caproate,  and  the 
last  of  caprate  of  baryta,  which  is  the  least  soluble  of  the  three.  These 
solutions  abandoned  separately  to  spontaneous  evaporation,  leave  eight 
kinds  of  crystals,  viz.  (1),  butyrate  of  baryta;  (2),  laminar,  and  (3). 
needle-shaped  caproate;  (4),  oaprate;  (5),  transparent  lamina),  united 
in  cockscomb-liko  groups,  soluble  in  2*7  pts.  of  water,  and  yielding  by 
spontaneous  evaporation,  besides  the  mother -liquor:  partly,  (6),  trans- 
parent crystals  (which  bv  a  second  solution  in  water  and  recrystalliza- 
tion,  are  resolved  into  butyrate  of  baryta,  octohedrons  consisting  of 
bntyrate  of  baryta  and  lime,  [the  lime  proceeding  from  the  filter,]  and 
delicate  transparent  needles,  which  are  a  mixture  of  butyrate  of  baryta 
and  the  octohedral  salt,) — partly,  (7),  enamel- white  crystals,  which  by 
repeated  solution  and  crystallization,  are  also  resolved  into  caprate  and 
caproate  of  baryta;  and  (8),  opaque  laminoe  of  capro-caproate  of  baryta : 
the  latter,  when  treated  with  small  quantities  of  water,  impart  to  that 
liqnid,  at  first,  principally  tbe  caproate,  afterwards  the  caprate. 
(Chevreul.) 

From  the  butyrate  of  baryta  after  purification  by  repeated  solution 
in  a  small  quantity  of  water  and  crystallization,  the  acid  is  separated  in 
two  ways:  By  gradually  adding  to  100  pts.  of  the  baryta-salt  contained  in 
a  glass  tube,  135  pts.  of  phosphoric  acid  of  sp.  gr.  1*12:  the  butyric  acid 
thereby  separated  dissolves  gradually  in  the  liquid,  whereupon  12  pts. 
more  of  phosphoric  acid,  sp.  gr.  1*66  are  added;  the  separated  butyric 
acid  decanted;  59  pts.  of  phosphoric  acid  of  sp.  gr.  1*12  then  added;  and 
the  additional  quantity  of  butyric  acid  thereby  separated  also  removed. 
[The  watery  acid  liquid  still  contains  butyric  acid,  and  when  saturated  with  baryta-water, 
filtered,   and  evaporated,   again   yields  butyrate  of  baryta].       The    butyric    acid 

obtained  by  decantation,  which  is  somewhat  yellow,  and  solidifies  to  a 
white  mass  at  —7^  is  distilled,  first  in  the  water-bath,  then  in  the  sand- 
bath.  [There  then  remains  a  black  residue  containing  acid  phosphate  of  baryta]. 
The  distillate  is  freed  from  the  water,  which  passes  over,  especially  at 
the  commencement  of  the  process,  by  digestion  and  subsequent  distil- 
lation with  4  pts.  of  chloride  of  calcium.  —  2.  By  decomposing  100  pts. 
of  butyrate  of  baryta  with  a  mixture  of  G3-36  pts.  of  oil  of  vitriol 
and  63*36  water;  decanting  the  butyric  acid,  which  is  colourless  and 
free  from  sulphuric  acid,  from  the  sulphate  of  baryta  (from  which  a 
small  additional  quantity  of  butyrate  of  baryta  may  be  obtained  by 
treating  it  with  baryta- water,  filtering  and  evaporating),  and  distilling 
it  carefully  in  the  sand-bath.  There  then  remains  n  brown  residue  of  decomposed 
butyric  acid.  The  transpareot  and  colourless  distillate  is  dehydrated  by 
distillation  with  an  equal  weight  of  chloride  of  calcium.  (Chevreul.) 

B.  By  BtUj/f'ic  acid  Fermentation.  —  To  a  solution   of  100  pts.  of 

starch-sugar  (or  cane  or  milk-sugar)  marking  8  to  10^  Bm.,  8  or  10  parts 

of  fresh  sour  cheese  or  curd  are  added,  —  or  100  pts.  of  starch-sugar  are 

'  dissolved  in  100  or  150  pts.  of  milk  and  so  much  water  that  the  liquid 

exhibits  a  density  of  10**  Bm.;  and  the  mixture,  together  with  50  yvLris  of 
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chalk,  set  aside  in  an  open  bottle  [frequently  ehaken]  in  a  warm  place, 
€,  g.  in  the  snn  in  summer,  till  the  evolution  of  gas  ceases,  that  is  to 
say,  for  6  to  12  weeks.  The  greater  the  quantity  of  liquid,  the  more 
quickly  does  the  fermentation  go  on;  if  it  be  too  slow,  more  cheese  must 
be  added.  —  When  the  fermentation  is  ended,  the  filtered  liquid  yields 
by  evaporation,  a  large  quantity  of  crystals  of  butyrate  of  lime,  which, 
if  they  separate  while  the  liauid  is  still  warm,  are  free  from  acetate  of 
lime.  — 10  pts.  of  the  crystallized  butyrate  of  lime  are  dissolyed  in  30 
or  40  parts  of  water,  the  solution  distilled  with  3  or  4  pts.  of  commercial 
hydrochloric  acid,  till  10  pts.  (consisting  of  water  and  butyric  acid,  with 
small  quantities  of  hydrochloric  and  acetic  acid)  have  distilled  over.  A 
large  quantity  of  chloride  of  calcium  is  then  dissolved  in  the  distillate, 
and  the  impure  butyric  acid  which  rises  to  the  top  is  decanted  off,  and 
distilled  in  a  tubulated  retort  provided  with  a  thermometer.  The  first 
portion  cf  the  distillate  consists  of  aqueous  butyric  acid,  which  is  either 
used  to  prepare  the  butyrates,  or  dehydrated  by  contact  with  chloride  of 
calcium,  decantation  and  distillation.  The  boiling  point  soon  rises  to 
164°  and  remains  there,  and  at  this  temperature,  if  the  receiver  be 
changed,  pure  butyric  acid  is  obtained ;  this  must  be  boiled  for  some  time 
in  an  open  vessel,  to  expel  traces  of  hydrochloric  acid,  and  then  redis- 
tilled. (Pelouze  &  Gelis.)  —  The  butyrate  of  lime  froths  up  strongly 
when  distilled  with  hydrochloric  acid,  and  therefore  requires  a  capacious 
distillatory  apparatus;  the  butyric  acid  obtained  by  this  process  is  diffi- 
cult to  purify  from  admixed  hydrochloric  acid.  (Bensch,  Ann,  Pharm* 
61,  177.) 

H  Butyric  acid  may  also  be  obtained  from  the  liquid  which  remains 
in  the  preparation  of  ferrous  lactate  by  Wohler^s  process  Migestion  of 
iron  filings  with  sour  milk,  with  addition  of  milk-sugar:  Ann,  Fharm. 
48.  140),  After  that  salt  has  been  separated,  the  liquid  is  mixed  with  a 
sufficient  quantity  of  milk  of  lime  to  render  it  alkaline;  set  aside  for 
some  weeks  in  a  warm  place;  and  the  butyric  acid  separated  by  dis- 
tilling with  dilute  sulphuric  acid,  neutralizing  the  distillate  with  carbo- 
nate of  soda,  evaporating,  and  again  distilling  the  residue  with  dilute 
sulphuric  acid.  (Bertram,  ZeiUch,  Pkarm.  1853,  43;  Jahre^er,  1853, 
439.)  % 

Properties.  The  acid  surrounded  with  a  mixture  of  solid  carbonic 
acid  and  ether,  crystallizes  in  broad,  transparent,  colourless  laminse,  but 
remains  liquid  at  —20'.  (Pelouze  &  G^lis.)  At  ordinary  temperatures, 
it  is  a  thin,  transparent,  colourless  oil,  of  sp.  gr.  0'9675  at  25°  (0*963  at 
15°:  Pelouze  &  Gelis;  0-9886  at  0°,  09739  ai  15°:  Kopp;  0*9817  at  0°: 
Pierre.)  Forms  on  sized  paper  a  greasy  spot  which  gradually  disappears; 
evaporates  in  the  air  without  residue  (Cbevreul);  boils  steadily  at  164° 
(Pelouze  &  Gelis);  at  157"^  under  a  pressure  of  0'76  m.  (Kopp,  Pogg,  72, 
223),  and  passes  over  undecomposed.  (Chevreul,  Pelouze  &  Gelis.)  Boils 
at  163*^  under  a  pressure  of  0*7506  m.  In  a  closed  space,  which  it  fills 
to  i^  it  passes  completely  into  vapour  at  220°.  (Pierre,  Jf,  Ann.  Chim. 
Phys.  31,  118.)  Vapour-density  =  3*30  (Pelouze  &  Gelis);  varies  with 
the  temperature.  (Cahoiirs,  vii,  54.)  Has  a  pungent  odour  like  that  of 
butter  (rancid  butter,  according  to  Pelouze  &  Gelis),  and  acetic  acid  Has 
a  very  strong  and  pungently  acid  taste,  afterwards  sweetish,  like  nitrous 
ether,  and  makes  the  tongue  white.  Reddens  litmus  strongly.  (CheyreuL) 
Attacks  the  skin  like  the  strongest  acids.  (Pelouze  &  G^lis.) 
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The  hypothetical  anhydrous  acid  of  the  radical  theory  is  C^H^O^eBv.— The 


hydrated  acid  may  he  represented  by  the  formula, 


H 


}(.. 


Decompositions.  1.  Butjrric  acid  is  inflammable,  and  burns  in  the 
manner  of  volatile  oils  (Chevreul),  with  a  blue  flame.  (Pelonze  &  G61is.^ — 
When  distilled  in  a  retort  containing  air,  part  of  the  acid  is  converted  into 
an  aromatic  substance.  (Chevreul.)  —  3.  Butyric  acid  dropt  into  a  bottle 
filled  with  dry  chlorine  gas  and  exposed  to  strong  sunshine,  produces  a  large 
quantity  of  hydrochloric  acid,  crystals  contaiuing  oxalic  acid  which  con- 
dense on  the  sides  of  the  vessel,  and  a  pale  yellow  oil  of  bichlorobutyric 
acid,  C*C1'H*0*;  if  on  the  contrary,  chlorine  gas  be  passed  through  butyric 
acid  contained  in  a  Liebig's  potash-apparatus  and  exposed  to  the  sun,  the 
chlorine  is  very  rapidly  absorbed,  and  the  only  products  are  hydrochloric 
acid  gas  and  bichlorobutyric  acid,  amounting  to  173  to  176  per  cent,  of  the 
butyric  acid.  (Pelouze  &  G^lis.)     Calculation  gives  178  per  cent.: 

C»H80<  +  4C1  «  CCPH«0<  +  2HC1. 

This  bichlorobutyric  acid  is  decomposed  by  further  a<;tion  of  chlorine  into 
hydrochloric  and  quadrichlorobutyric  acid.  (Pelouze  fit  G61is.)  —  When 
bromine  is  cautiously  added  to  aqeous  butyrate  of  potash  till  a  few  drops 
of  a  bromuretted  acid  are  precipitated,  the  liquid  then  evaporated  to 
dryness,  the  residue  exhausted  with  alcohol,  and  a  few  drops  or  sulphuric 
acid  added  to  the  filtrate,  a  compound  is  produced  somewhat  different 
from  butyric  acid,  having  a  fainter  odour,  likewise  soluble  in  water  and 
alcohol;  but  no  bromobutyric  acid,  (C^Br^U'OS)  appears  to  be  produced. 
(Cahours,  JV.  Ann.  Chim.  Phys.  19,  507.)  —  Iodine  likewise  exerts  but  a 
Alight  decomposing  action,  even  when  aided  by  heat,  forming  a  small 
quantity  of  hydriodic  acid.  (Pelouze  &  Gelis.) 

Cold  nitric  acid  appears  to  dissolve  butyric  acid  without  decom- 
position. (Chevreul.)  Butyric  acid  heated  with  nitric  acid  of  sp.  gr. 
1  '40,  is  slowly  oxidized  and  converted  into  succinic  acid.  (Dessaignes, 
Compt.  rend.  30,  50.)  —  Cold  aqueous  iodic  acid  dissolves  butyric  acid 
without  decomposition.  (Millon.) 

'4.  Butyric  acid  dissolves  in  cold  oil  of  vitriol  with  rise  of  temperature 
but  without  decomposition;  the  solution,  which  has  a  faint  ethereal  odour, 
becomes  very  slightly  coloured  at  100^  gives  off  butyric  acid  together 
with  a  small  quantity  of  sulphurous  acid  at  a  higher  temperature,  and 
slowly  blackens  with  formation  of  a  small  quantity  of  charcoal.  (Chev- 
reul.) The  greater  part  of  the  butyric  acid  passes  over  unchanged. 
(Pelouze  &  G^lis.) 

5.  Pentachloride  of  phosphorus  converts  butyric  acid  into  C^CIH'. 
(Cahours,  Compt.  rend.  25,  724.) 

Combinations.  —  Butyric  acid  mixes  with  water  in  all  proportions.    The 
mixture  of  2  pts.  acid  and  1  pt.  water  has  a  sp.  gr.  of  1  00287.  (Chevreul.) 

The  Butyrates  in  the  dry  state  are  inodorous  even  at  100**,  but  when 
Bioist  they  hare  a  strong  odour  of  fresh  butter.  —  They  are  all  crystal- 
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lizable.  (Chevreul.^  —  Seveiul  of  them  yield  batyrone  by  dry  distillation. 
(Chancel.)  — *  Dry  butyrate  of  lime  distilled  in  small  qaantities  at  a  vefy 
slowly  increasing  heat,  is  resolved,  without  any  evolution  of  gas,  into 
white  carbonate  of  lime,  and  butyrone  which  passes  over: 

2C8H7CaO^  «  2(CaO,C02)  +  C"H"02. 

But  when  it  is  more  quickly  heated  and  in  larger  quantity,  a  considerable 
quantity  of  charcoal  remains  with  the  carbonate  of  lime;  3  or  4  per  cent, 
of  a  gaseous  hydrocarbon  absorbable  by  oil  of  vitriol  are  given  off;  and 
the  distillate,  which  has  an  unpleasant  odour,  contains,  besides  the  buty- 
rone which  boils  at  144°,  butyral  boiling  at  95°,  and  a  yellowish  oil 
boiling  at  225°  to  230°,  which,  as  potassium  remains  bright  in  it,  appears  to 
be  a  hydrocarbon.  These  products  are  doubtless  produced  from  the 
butyrone  by  the  action  of  too  high  a  temperature.  (Chancel  )  —  Butyrate 
of  potash  distilled  with  an  equal  quantity  of  arsenious  acid,  yields,  with 
evolution  of  a  stinking  gas  and  considerable  reduction  of  arsenic,  a  dis- 
tillate consisting  of  an  acid,  watery,  colourless  liquid,  and  below  that,  an 
oily  liquid,  blackened  by  arsenic,  and  smelling  like  alkarsin;  this  latter 
contains  either  alkarsin,  or  a  corresponding  compound  of  the  butylene 
series.  (Wbhler,  Ann.  Pkarm.  68,  127.) — The  statement  of  Pelouze 
&  Gelis,  that  a  contamination  of  butyric  acid  with  acetic  acid  may  bo 
detected  by  the  odour  of  alkarsin  evolved  on  neutralizing  the  acid  with 
potash,  evaporating,  and  heating  with  arsenious  acid,  is  not  recon- 
cilable with  Wbhler's  observation  just  quoted.  —  Dry  butyrate  of  soda 
heated  with  qxychloride  of  phosphorus  or  with  chloride  of  benzoyl,  yields 
anhydrous  butyric  acid.  (Gerhardt;  see  page  88.)  —  All  butyrates  are 
soluule  in  w^ater  (Chevreul),  and  many,  when  thrown  on  water,  rotate 
like  camphor,  till  they  are  dissolved.  (Chevreul,  Pelouze  &  G^lis.) 

Butyrate  of  Ammonia.  —  Butyric  acid  absorbs  ammonincal  gas,  and  is 
converted  into  crystals,  which  by  further  absorption,  deliquesce  to  a  thick, 
transparent,  colourless  liquid;  but  this,  when  exposed  for  a  still  longer 
time  to  the  action  of  the  ammoniacal  gas,  ultimately  solidifies  in  needles. 
(Chevreul.)  —  The  salt  is  deliquescent.  (Pelonze  &  G6lis.)  —  Distilled 
with  anhydrous  phosphoric  acid,  it  yields  butyronitrile=C'NH'  (Dumas, 
Malaguti  &  Leblanc,  Compt.  rend.  25,  442): 

NH»,C8H«0<  :=  C8NH'"  +  4H0. 

Butyrate  of  Potash. — Potassium  eliminates  hydrogen  gas  with  violence 
from  butyric  acid.  To  prepare  the  salt,  potash  or  carbonate  of  potash 
is  neutralized  with  aqueous  butyric  acid,  and  the  solutiqn  evaporated. 
Crystallizes  between  2o°  and  30*"  in  indistinct,  cauliflower-like  groups; 
its  taste  is  sweetish  and  like  that  of  butter.  Very  deliquescent;  dissolves 
in  0*8  water  at  15°.  (Chevreul.)     Rotates  on  water.  (Pelouze  &  G61is.) 

Dried.  Chevreul. 

KO 47-2     ....    37-40    37-96 

C8H70»  79-0     ....     62-60 

CSH^KO^    126-2     ....  10000 

A  solution  of  500  pts.  of  the  salt  in  400  pts.  water,  mixed  with 
115  pts.  of  butyric  acid,  does  not  decompose  water  without  the  aid  of 
heat;  but  after  dilution  with  water,  the  decomposition  takes  place  at 
ordinary  temperatures.    The  solution  likewise  aoes  not  redden  litmus^ 
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paper  till  it  is  dilated.  Litmus-paper  moistened  with  it,  appears  per- 
fectly blue  after  drying,  but  becomes  red  again  every  time  it  is  moistened, 
till  the  excess  of  acid  is  evaporated,  (Chevreul.) 

Butyrate  of  Soda,  —  Resembles  the  potash-salt,  but  is  less  deliquescent. 

(Chevreul.) 

Dried,  Chevreul. 

NaO    31-2    ....     28-31     2878 

C»H'0»    790    ....     71-69     71*22 

C^HTNaO* 110-2    ...   10000    10000 

BrUyraU  of  Baryta,  —  Baryta- water  neutralized  with  butyric  acid,  is 
left  to  evaporate,  and  the  resulting  crystals  dried  at  100°*  The  salt 
may  be  melted  to  a  colourless  glass.  In  the  moiat  state  it  smells  strongly 
like  fresh  butter,  has  a  warm  alkaline  and  buttery  taste,  and  blues 
reddened  litmus  slightly.  A  gramme  of  the  salt  subjected  to  dry  distilla- 
tion, in  a  bent  tube  filled  with  mercury,  melts,  yields  47*3  cubic  centi- 
metres of  defiant  gas,  and  1*7  of  carbonic  acid,  and  a  thin,  orange- 
yellow,  neutral  oil,  having  the  odour  of  labiate  plants  (butyrone,  accord- 
ing to  Chancel),  and  leaves  a  mixture  of  carbonate  of  baryta  with 
O'OOdd  grm.  of  charcoal.  The  aqueous  solution  of  the  salt  does  not 
decompose  by  keeping:  carbonic  acid  precipitates  from  it  a  small  quantity 
of  carbonate  of  baryta,  setting  butyric  acid  free.  (Chevreul.) 

Lerch. 
Dried  at  100**.  Chevreul. 

BaO 76-6     ....    4923    49*37     .... 

8C  480     ....     30-85 

7H 7-0     ....       4-49 

30 240     ....     15-43 

CH'BaO*     155-6     ....  10000  10000    ....  100-00    10000 

Lerch'i  salt  (a)  and  (6)  ii  differently  crystallized  (vuf  tit/*.)  —  Bromeia  {Ann, 
Pharm,  42,  66)  aasnued,  in  accordance  with  hia  own  analyaia,  lAtU  more  in  the  salt ; 
but  Lereh'a  analysis  is  likewise  confirmed  by  Rochleder,  who  found  4*47  to  4-50  per 
cent.  H. 

Crystah  with  2  At,  Water," —  Separate  from  the  concentrated  hot-solu- 
tion; do  not  melt  at  100°;  contain  1007  to  10'50  p.  c.  water.  (Chancel,- 
N.  J.  Fharm,  7,  119.) 

CryttaU  vnO^  4  At.  Water,  —  Obtained  by  evaporation  in  the  air. 
Melts  below  100°.  (Chancel.)  Long,  flat,  compressed  prisms,  which  are 
permanent  in  the  air,  transparent,  colourless,  and  have  a  fatty  lustre;  in 
vacuo  over  oil  of  vitriol  they  remain  transparent,  but  lose  2*25  p.  c.  of 
their  weight,  and  then  when  heated,  melt  without  further  loss  to  a 
transparent  glass.  (Chevreul.)  The  crystals  contain  18*83  p.  c.  of 
water,  and  melt  without  loss  to  a  transparent  class  at  100°.  (Pelouze  ^ 
Gelis.) 

Lerch  constantly  obtained  anhydrous  crystals  infusible  at  100^,  and  of  the  same 
composition,  but  sometimes  (a)  hard  granular  crusts,  which  by  repeated  crystallisation 
passed  into  the  following  form,  sometimes  0),  nacreous  laminae  or  flat  flexible  prisms. 
How  these  observations  are  to  be  reconciled  with  the  preceding,  remains  to  be  seen. 

The  salt  dissolves  in  2-77  pts.  of  water  at  10^  and  rotates  upon  the 
surface;  at  51^  it  dissolves  in  400  pts.  of  absolute  alcohol. 

Butyrate  qf  Strontia,  —  Obtained  like  the  baryta-salt.  Long  flat 
needles^  similar  to  those  of  the  baryta-salt,  and  having  the  same  odour. 


(«) 

(/3) 

Bromeia. 

48-71 

....    49-02     . 

49-38 

31-34 

....     3103     . 

31-34 

4-72 

«...        4'04 

3-98 

15-23 

....     15-41     .. 

15-30 
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When  heated,  it  meilts  but  does  not  turn  brown.    Dissolves  in  3  pts.  of 

water  at  4®.  (Chevreol.) 

Juried.  Chcvreul. 

SrO    52  ....     39-70     4058 

C8H703 « 79  ....     60-30 

C8H7SrO<  131     ....  10000 

Butyrate^  of  Liine.  —  Obtained  in  a  similar  manner.  Transparent, 
very  delicate  needles,  which  smell  like  the  baryta-salt.  Melts  when  heated, 
emitting  an  aromatic  odour,  like  that  of  the  LaHaUB,  (comp.  Chancel, 
p.  84.)  The  crystals  give  off  their  water  of  crystallization  with  toler- 
able facility.  They  rotate  on  water.  (Pelouze  &  Gelis.)  The  salt  dis- 
solves in  5*69  pts.  of  water  at  15°,  and  when  the  solution  is  heated, 
crystallizes  out  so  completely  that  the  whole  becomes  solid;  on  cooling, 
however,  it  resumes  the  liquid  form.  (Chevreal.) 

Dried  at  140*.  Chcvreul.      Pel.  &  Gflis. 

CaO 28     ....     26-17     26*99     ....     2627 

(yn^O^ 79     ....     73-83 

CSfl^CaO^ 107     ....  100-00 

Butyrate  of  Lime  and  Baryta.  —  The  aqueous  solution  of  2  pts. 
butyrate  of  lime  and  3  pts.  butyrate  of  baryta  yields  octohedrons  by  spon- 
taneous evaporation.  100  pts.  of  these  crystals,  ipjnited  with  sulphuric 
acid  yield  68  pts.  of  sulphate.  1  pt.  of  the  salt  dissolves  in  3-8  pts.  of 
water  at  18°. 

Butyrate  of  Magnesia.  —  Beautiful  white  laminsd,  resembling  crys- 
tallized boracic  acid,  containing  5  At.  water,  which  readily  escapes;  they 
dissolve  very  readily  in  water  and  rotate  upon  it.  (Pelouze  &  G^lis.) 

Butyrate  of  Zinc,  —  Aqueous  butyric  acid  dissolves  carbonate  of 
zinc  with  effervescence,  at  ordinary  temperatures;  the  solution  reddens 
litmus,  even  when  the  bas^  is  in  excess;  the  filtrate  evaporated  in  vacuo, 
leaves  shining,  fusible  laminas,  having  the  taste  and  odour  of  the  buty- 
rates.  (Chevreul.)  Light,  snow-white,  pearly  laminiB,  sparingly  soluble 
in  water  and  alcohol.  (Larocque  &  Hurault,  N.  J.  Pharm.  9,  430. 

Dried  in  vacuo,  Chevreul. 

ZnO 40     ....     33-61     35 

C^H^a^ 79     ....     66-39 

C»H7ZnO^   119     ....  100-00 

The  aqueous  solution,  when  evaporated,  gives  off  butyric  acid,  depo« 
sits  a  basic  salt,  and  yields  a  residue  which  is  still  partially  fusible,  but, 
when  water  is  repeatedly  poured  upon  it  and  evaporated,  becomes  com- 
pletely infusible,  and  ultimately  retains  only  100  pts.  of  C^H^O*  to 
1525  pts.  ZnO.  (Chevreul.)    [About  30  ZnO  +  Csmo*.] 

Butyrate  of  Lead, — a.  Tribal,  —  Oxide  of  lead  is  added  in  excess 
to  butyric  acid,  whereupon  heat  is  evolved;  the  solution  is  afterwards 
heated  from  without;  the  residue  after  evaporation  exhausted  with  cold 
water;  and  the  filtrate  evaporated  in  vacuo  over  oil  of  vitriol.  The 
residue  is  infusible,  ha^but  little  taste,  dissolves  sparingly  in  water,  and 
then  absorbs  carbonic  acid  rapidly  from  the  air.  (Chevreul.)  —  Alkaline 
buty rates  form  a  copious  white  precipitate  with  subacetate  of.  lead. 
(Zeisei «/".  pr,  Chem.  29,  287.)  —  When  an  aqueous  mixture  of  butyric 
and  acetic  acid  is  saturated  with  oxide  of  lead,  and  the  filtrate  super- 
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satorated  with  ammonia,  small  roBe-coloared  needles  of  basic  butyrate  of 

lead  separate  out;  thej  ouicklj  absorb  carbonic  acid  from  the  air,  and 

dissolve  in  water  tbroagb   the  medium   of  the  acetate  of  lead   which 

adheres  to  them.  (Nickl^s,  Ann,  Pkarm.  61,  349.) 

Chevreul. 
3  PbO    336     . ..     80-96     81 

cm^cfi 7y   .  .    19-04 

2PbO,C8HypbO<  415     ....  100-00 

5.  Monobasic^ — The  solution  of  lead-oxide  in  excess  of  the  aqueous 
acid,  yields  fine  silky  needles  by  evaporation  in  vacuo  over  oil  of  vitriol. 
(Chevreul.)  The  same  salt  is  precipitated  by  butyric  acid  from  an 
aqueous  solution  of  neutral  acetate  of  lead,  in  the  form  of  a  colourless, 
very  heavy  oil,  which  solidifies  after  some  time  only,  (Pelouze  &  Gtlis.) 
Butyric  add,  mixed  with  acetic  acid,  doex  not  precipitate  neutral  acetate  of  lead. 
(Nickles.)  The  needles  distilled  in  a  bent  tube  filled  with  mercury,  yiehl 
1  vol.  olefiant  gas  to  9  vol.  carbonic  acid,  together  with  water,  and  an 
oil  which  has  a  less  powerful  odour  than  that  which  is  obtained  from  tho 
baryta-salt,  and  a  residue  consisting  of  lead-oxide  and  metallic  lead. 

Needles, 

PbO 

8  C  

7  H  

3  0  


Cm^PbO*    191 


Chevreul. 

112 

....     58-C4 

.     60-50 

48 

...     2513     . 

24-81 

7 

...       3-66     .. 

2-77 

24 

.  .     12'57     . 

11-92 

191 

.  .  100-00     ... 

10000 

ButyraU  of  7ron.  —  Aoiieous  butyric  acid  exposed  to  the  air  in 
contact  with  iron  forms  witnout  effervescence  a  red  solution,  from  which 
water  throws  down  a  very  small  quantity  of  ferric  salt,  which  appears 
to  redissolve  on  the  addition  of  more  water.  (Chevreul.) 

Btttyrate  of  Copper.  —  Butyrate  of  potash  (if  not  too  dilute,  according 
to  Zeis^'^  forms  with  cuprio  salts  a  blue-green  precipitate,  which  may  be 
obtained  in  the  crystalline  form  by  solution  in  boiling  water.  (Pelouze 
&t  061  is.)  —  The  crystals  belong  to  the  oblique  prismatic  system.  Fig, 
104,  together  with  the  m  and  p -faces.  (Flaiiy.)  In  vacuo  over  oil  of 
vitriol,  they  lose  at  most  1  per  cent,  of  their  weight,  and  become  some- 
what turbid.  Heated  alone  to  100^,  they  retain  their  form  and  colour, 
and  do  not  give  off  any  portion  of  their  acid;  but  their  aqueous  solution, 
when  boiled,  deposits  a  blue  substance,  which  changes  to  pure  brown 
oxide  of  copper,  so  that  by  repeated  distillation  with  water,  all  the 
butyric  acid  passes  over  and  all  the  cupric  oxide  is  precipitated. 
(Chevreul.) 

CrytiaU  dried  in  vacuo,  Chevreul. 

CuO 40  ....  29-20     30 

C^WCP 79  . ..  57-66 

2  HO  18  ...  1314 

C8H7CuO*,2Aq 137     ....  10000 

According  to  Pelouze  &  O^lis  also,  the  crystals  contain  2  Aq.»  only  1  Aq.  of  which 
can  be  expelled  by  heat  without  decomposing  the  salt :  according  to  Lies  however 
{Compt.  rend,  21,  321)  the  crystals  contain  only  1  Aq.;  and  since,  according  to  his 
observations,  they  agree  in  form  with  crystallised  verdigris,  •C^H'CuO^tAq.,  he  regards 
this  as  the  first  example  of  the  isomorphism  of  two  homologous  salts,  that  is  to  say,  of 
salts  which  differ  in  composition  only  in  the  number  of  atoms  of  C^H". 

[Respecting  a  butylic  add  compound  resembling  Schweinfhrt  green  (viii,  329),  see 
AddiUwM  to  tM$  vohimel 
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M&f^curous  Butyrate.  —  Bntyraie  of  potash  precipitates  from  mer- 
curous  nitrate,  white  shining  scales,  resembling  those  of  mercuroiis 
acetate.  (Pelouze  &  Gelis.) 

Buiyrate  of  Silver,  —  The  potash-salt  likewise  forms  with  nitrate  of 
silver,  white  shining  scales,  like  those  of  acetate  of  silver;  thej  must  be 
washed  with  cold  water.  (Pelouze  &  G^lis.)  —  Butyrate  of  baryta  forms 
with  nitrate  of  silver,  in  somewhat  concentrated  solutions,  a  curdy 
precipitate,  and  but  on  more  dilute  solutions  only  a  cloud,  -^  in  which 
case,  on  leaving  the  liquid  to  evaporate,  the  butyrate  of  silver  crystal- 
lizes out  in  dendrites.  (Lerch.)  The  salt  does  not  deflagrate  when 
heated,  but  leaves  metallic  silver  mixed  with  a  little  charcoal.  It  dis- 
solves sparingly  in  water.  (Pelouze  &  Gelis.) 

Dried  at  100^ /o  120^ 
8C 48       ..     24-62 


7  H      7 

Ag 108 

4  O    32 


C«H7AgO* 195 


3-59 
55-38 
16-41 


Pel.  &  G^l. 

Lerch. 

J.  Genks 

.     24-42        . 

24-85 

...     25-27 

3-61        . 

3-63 

....       3-74 

.     55-39     .  . 

55-45 

...     55-25 

16-58     ... 

16-07 

.  .     15-74 

100-00     ....10000      ...100-00     ...  10000 


Butyric  acid  mixes  in  all  proportions  with  wood-spirU  and  alcohol, 
(Chevreul,  Pelouze  &  Gelis.) 

It  dissolves /iTfc?  oiU  and  tallows,  (Chevreul,  Barreswil.) 


T.  Anhydrous  Butyric  Acid.    C"H"0«=5^\^\}0». 

Gerhardt.    N,  Ann,  Chim,  Phys,  37,  318. 
Butyric  Butyraie,  Butyric  Anhydride, 

Obtained  by  treating  4  pts.  of  dry  butyrate  of  soda  with  2  pts. 
of  oxychloride  of  phosphorus,  the  ozychloride  being  added  drop  by  drop 
to  the  butyrate^  as  in  the  preparation  of  anhydrous  acetic  acid  (viii.  335). 
The  reaction  consists  of  two  stages,  the  first  being  the  formation  of 
chloride  of  butyryl  and  phosphate  of  soda : 

3  C8H7NaO^  +  P02C1'  =  PNa»08  +  3(C»H70«.C1)  ; 

and  the  second,  the  formation  of  anhydrous  butyric  acid  by  the  action  of 
this  chloride  on  another  portion  of  the  butyrate  of  soda: 

C«H7NaO<  +  C8H703,Cl  =.  NaCl  +  CWRMO*. 

As  soon  as  the  reaction  is  complete,  the  product  is  distilled;  after  which 
it  is  poured  back  upon  the  butyrate  of  soda,  to  decompose  any  portion 
of  butyric  chloride  that  may  have  remained  unaltered,  and  finally 
rectified,  those  portions  only  being  collected  which  boil  at  190°.  That 
which  passes  over  at  a  lower  temperature  contains  hydrated  butyric  acid, 
the  formation  of  which  cannot  well  be  avoided,  as  the  butyrate  of  soda 
is  very  deliquescent.  —  2.  By  the  action  of  chloride  of  benzoyl  on  butyrate 
of  soda,  the  decomposition  being  precisely  similar  to  that  which  takes 
place  in  the  formation  of  anhydrous  acetic  acid  by  method  1  (viii.  335), 
butyric  benzoate  being  first  formed,  and  subsequently  splitting  up  into 
butyric  butyrate  and  benzoic  benzoate.  5  pts.  of  chloride  of  benzoyl  are 
mixed  in  a  retort  with  8  pts.  of  dry  butyrate  of  soda,' the  mixture  distilled, 
and  the  distillate  rectified,  first  oyer  butyrate  of  soda,  afterwards  alone. 
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Coloarless,  very  mobile,  strongly  refracting  liquid.  Sp.  gr.  0*978  at 
12*5°.  Its  odonr  is  very  strong,  but  not  disagreeable,  like  that  of 
the  bydrated  acid,  approaching  rather  to  that  of  butyric  ether.  Boils  at 
about  190°.  —  Vapour-density = 5-38.  (Gerhardt.) 

Gerhardt. 

16  C  96     ...     60-76     ...     6067 

14  H 14     ....       8-86     ....       8-87 

6  O 48     ....     30-38     ....     3046 

p8H7n2 1 

C»HW}^ ^^^     •  •  ^^^'^^  ^^^'^^ 

Vol.  Density. 

C-vapour    16  ....  6*6560 

H-gas 14  ....  0-9702 

O-gas 3  ....  3-3278 

Vap.  of  C»«H"0« 2      ...  10-9540 

1     ...     5-4770 

Anhydrous  butyric  acid  exposed  to  the  air,  gradually  absorbs  mois- 
ture. When  poured  into  water,  it  does  not  mix  immediately  as  the 
bydrated  acid  does,  but  rises  to  the  surface  in  the  form  of  a  colourless 
oil.  —  In  contact  with  aniline  it  becomes  heated  and  forms  butyranilide. 
C*«H"NO*=C"ff  *0«+  2C»H'N-  2H0. ! 


Acid  allied  to  Butyric  Add. 

Hircic  Acid. 

CiiEVREUL.  (1823.)    Ann.  Chim.  Phys.  23,  22;  also  Schw.  39,  179.— 
RechercMs  sur  les  corps  gras^  151  and  236. 

Found  (doubtless  combined  with  glycerine  in  the  form  of  an  unknown 
fat,  Eirdn)  in  mutton  suet,  to  which,  as  well  as  to  mutton-broth,  it 
imparts  the  peculiar  taste  and  smell. 

Preparation.  4  pts.  of  mutton  suet  are  saponified  with  1  pt.  of 
hydrate  of  potash  and  4  pts.  of  water;  the  whole  supersaturated  with 
phosphoric  or  tartaric  acid;  the  watery  liquid  separated  from  the  stearic 
and  oleic  acid  distilled  together  with  the  wash- water;  the  distillate 
(which  must  be  redistilled,  if  a  sample  of  it  leaves  any  residue  on  evapo- 
ration) neutralized  with  baryta-water;  the  solution  evaporated;  and  the 
remaining  baryta-salt  decomposed  with  a  mixture  of  equal  parts  alcohol 
and  water. 

Properties.  Colourless  oil  lighter  than  water,  not  solidifying  at  0®, 
very  volatile.  Smells  like  goats  and  like  acetic  acid,  and  reddens  litmus 
strongly. 

Combinations.     It  ie  slightly  soluble  in  wcUer, 

The  AmmoniO'SaU  smells  stronger  than  the  free  acid.  •—  The  Potash' 
salt  is  deliquescent.  —  The  Baryta-salt  is  sparingly  soluble  in  water,  and 
contains  43*75  per  cent,  of  baryta. 
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Hiroic  acid  dissolves  very  readily  in  alcohol,  (Chevreul.) 
The  distillate  obtained  by  Chevrenrs  process  yields,  when  neutralised 
with  baryta-water  and  evaporated,  two  different  salts,  viz.  orystalline 
hircate  of  baryta,  which  may  be  purified  by  washing  with  cold  water  and 
recrystallization,  and  a  very  soluble  salt,  which  partly  separates  out  in  the 
form  of  a  salve,  partly  remains  in  the  mother-liquid,  and  when  smeared 
on  the  hand,  smells  exactly  like  human  fceces. 

Hircate  of  baryta  yields,  by  spontaneous  evaporation  of  the  aqueous 
solution,  transparent,  colourless  pyramids,  which  are  permanent  in  the 
air,  have  an  alkaline,  bitter  taste,  an  alkaline  reaction,  and  dissolve 
pretty  easily  in  water.  —  The  hircic  acid  obtained  from  this  salt  is  very 
soluble  in  water.    (Joss^  J.  pr.  Chem,  4,  377.) 


GonjugcUed  Compounds  of  Butyric  Acid. 

Butyrate  of  Methyl.    C"H>^o*=C'H>o,c»h^o». 

Pelouzb  &  G^Lis.     (1844).     i\r.  Ann.  Chim.  Fhy$,  10,  454. 
Pierre.    JT.  Ann.  Chim.  Fhy$. 

Methylic  Butyrate,  Butterformester. 

Formation  ayid  Preparation.  A  mixture  of  2  pts.  butyric  acid  with 
2  pts.  wood-spirit  and  1  pt.  oil  of  vitriol,  becomes  heated  and  imme- 
diately separates  into  two  layers,  the  upper  of  which  must  be  taken  off, 
washed  with  water,  dried  over  chloride  of  calcium,  and  distilled.  (Pelouze 
&  Gelis.) —  The  three  liquids  must  be  repeatedly  shaken  up  together,  and 
if  the  mixture  has  a  tendency  to  cool,  it  must  be  kept  for  some  time  at 
50^  to  80°,  60  that  the  formation  of  the  butyrate  of  methyl  may  take 
place  as  quickly  as  possible;  after  the  compound  ether  has  been  repeat- 
edly washed  with  water,  it  must  be  shaken  up  with  chloride  of  calcium  and 
chalk  to  remove  water  and  free  acid,  and  rectified  two  or  three  times 
over  chloride  of  calcium.  (Pierre.) 

Froperties.  Transparent,  colourless  liquid  of  sp.  f^r.  1*02928. 
(Pierre.)  Boils  at  102'*  (Pelouze  &  Gelis);  at  102-1°  under  a  pressure 
of  0'7439  met,;  but  with  sudden  starts,  unless  threads  of  glass  or  pieces  of 
platinum  wire  are  immersed  in  it.  (Pierre.)  Specific  heat  0*49176. 
Latent  heat  of  vapour  87*33.  (Favre  A  Silbermann,  Jahresher.  1853,  78.) 
Vapour-density,  3*52.  (Pelouze  &  G^lis.)  Its  odour  is  peculiar,  but  some- 
what like  that  of  wood-spirit  (Pelouze  <fe  Gelis);  rather  pleasant,  like 
that  of  pine-apples.  (Pierre.) 

Pierre.  Vol.  Density. 

IOC 60     ....     58-82  ....  58-69  C-vapoar 10  ....     4*1600 

10  H    10     ....       9  81  ....  9-99  H-gas  10  ....     0*6930 

4  0 32     ....     81*37  ....  31*32  O-gai  2  ....     2*2186 

CioHioo« ....  102     ...    100*00     ....  100-00  2     ....     7*0716 

1     ...     3-5358 

Decomposition.  Butyrate  of  methyl  is  inflammable.  (Pelouze  & 
G^lis.) 

Comhinations.  It  dissolves  sparingly  in  water,  but  in  all  proportions 
in  wood-spirit  and  alcohol.  (Pelouze  &  G^lis.) 
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Butyrate  of  Ethyl.    c»H»o*=C*H»o,C«H'0^ 

Pelouze  &  G^Lis.     (1844.)     K.  Ann.  Chim.  Fht/s,  10,  464. 
Lercu,  W&hleu  &  BoRNTRAOER,  Ann.  Pharm,  99^  220  and  359. 
Pierre.     N,  Ann,  Okim.  Phys,  19|  214. 

Butyric  Ethers  Viuic  or  Ethylie  Butyrate,  Buttervinesier.  The  so-called  Ananas 
oil  used  in  perfumery  consists  chiefly  of  this  ether.  (Hofmann,  Ann,  Pharm,  81,  87.) 

Formation  and  Preparation,  —  A  solution  of  butyric  acid  in  alcohol 
acquires  after  a  while  the  oduur  of  pine-apples,  from  formation  of  butyric 
ether.  (Chevreul.)  —  1.  Pelouze  &  Gelis,  and  likewise  Pierre,  prepared 
ibis  compound  by  a  process  exactly  similar  to  that  above  given  for  buty- 
rate of  methyl.  —  2.  Lerch  heats  butyrate  of  baryta  with  a  mixture  of 
alcohol  and  sulphuric  acid  to  the  boiling  point,  takes  off  the  butyric  ether 
which  rises  to  the  surface,  washes  it  with  water,  dries  with  chloride  of 
calcium,  and  rectifies.  —  3.  Wdhler  saponifies  butter  with  strong  solution 
of  potash;  dissolves  the  resulting  soap  in  the  smallest  possible  quantity 
of  hot  strong  alcohol;  adds  to  the  solution  a  mixture  of  alcohol  and  oil 
of  vitriol  till  it  acquires  a  strong  acid  reaction;  distils  till  the  distillate 
no  longer  smells  of  apples;  rectifies  the  distillate  several  times;  and  dehy- 
drates it  with  chloride  of  calcium.  [This  product  is  likely  to  be  contaminated 
with  caproic,  caprylic,  and  capric  ether].  -—  4.  Butyric  ether  is  likewise  obtained 
by  the  action  of  alcohol  and  hydrochloric  acid  on  the  butyrins.  (Berthelot, 
p.  94.) 

Properties,  Transparent,  colourless,  very  thin  liquid  (Pelouze  & 
G^lis);  of  sp.  gr.  0-90193  at  O''.  (Pierre.)  Index  of  refraction  1-3778. 
(Delffs,  Pogg.  81,  470.)  Boils  at  110°  (Pelouze  &  Gelis);  at  119**  under 
a  pressurs  of  0'74()5  met.  (Pierre.)  Vapour-density  =  4*04.  (Pelouze  & 
Ollis.)  Has  an  agreeable  odour  something  like  pine-apples  (Pelouze  & 
Gelis);  and  like  pippins  (Pierre);  tastes  sweetish,  with  a  somewhat  bitter 
after-taste.  (Lerch.) 

Lerch.  Bomtrftger.  Pierre. 

12  C 72     ....     62-07     62-29     6157     61  93 

12  H    12     ....     10-35     10-46     10-91     10-45 

4  O    32     ....     27-58     27-25     2752     27-62 

C»H«0* 116     ....  100-00     100-00     10000     10000 

Vol.  Density. 

C-vapour  12     4-9920 

H-gaa    12     08316 

0-gas 2     2-2186 


Tap.  of  Butyric  ether         2     80422 

1     4-0211 

Decompositions,  1.  Butyric  ether  is  very  inflammable.  —  2.  It  is  but 
slowly  decomposed  by  aqueous  potash,  even  at  a  boiling  heat,  the  products 
being  alcohol  and  butyrate  of  potash.  (Pelouze  &  G^hs.)  —  3.  B^  agita* 
tion  with  aqueous  ammonia,  it  is  slowly  resolved  into  butyramide  and 
alcohol  (Chanoel): 

4.  Heated  with  glycerine  and  hydrochloric  acid,  or  even  with  glycerine 
alone,  it  yields  a  butyrin,  probably  monobutyrin.  (Berthelot,  p.  93.) 

Combinations,  It  dissolves  very  sparingly  in  water,  bat  in  all  pro- 
portions in  alcohol  and  vinic  ether.  (Pelouze  &  G^lis.) 
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Butyrin. 

Chbvreul.     (1819.)    Ann.  Chim.  Fhyi.  22,  371;  23,  27. -^lUcherches, 
192,  270  and  476. 

ButiriM,  Butterfett.  —  Occurs  in  small  qaantity  in  the  batter  of  cows* 
milk,  together  with  caproin,  caprin,  olein,  and  niargarin.  (Chevreul.) 

Preparation,  Butyrin  has  not  yet  been  obtained  free  from  caproin, 
caprin,  olein,  and  margarin.  Batter  is  freed  from  adhering  butter-milk 
by  melting  it  at  60^  in  a  tall  vessel,  decanting  the  upper  transparent  layer 
of  fat,  filtering  it  warm,  agitating  with  water  at  40^,  and  again  leaving 
it  to  subside,  decanting,  and  filtering.  It  must  then  be  left  for  several 
days  at  1 9°;  the  granules  of  margarin  pressed  against  the  sides  of  the 
vessel  with  a  spatula,  to  extract  the  oily  portion,  and  the  butter  filtered. 
This  oily  liquid,  which  does  not  redden  litmus,  is  a  mixture  of  butyrin, 
caproin,  and  olein.  As  the  latter  is  much  less  soluble  in  alcohol  than 
the  other  fats,  the  mixture  may  be  shaken  up  at  19°  with  an  equal 
quantity  of  alcohol  of  sp.  gr.  0*796;  the  solution  decanted  from  the 
undissolved  portion,  which  consists  of  a  large  proportion  of  olein  with  a 
little  butyrin;  freed  from  the  alcohol  by  distillation;  digested  —  as  it 
now  contains  free  butyric  acid  —  with  carbonate  of  magnesia  and  water; 
the  watery  liquid  containing  butyrate  of  magnesia  poured  off;  and  the 
fat  freed  from  admixed  carbonate  of  magnesia  by  solution  in  alcohol, 
filtration,  and  careful  evaporation. 

Properties.  The  mixture  of  fats  thus  obtained  [which,  as  Uie  saponi- 
fication shows,  contains  only  16  p.  c.  butyrin]  is,  according  to  the  kind  of 
butter  used,  a  colourless,  or  more  frequently  but  perhaps  only  accidentally, 
a  yellow  oil;  has  a  sp.  gr.  of  0*908  at  19^;  solidifies  at  about  0^;  has  the 
odour  of  heated  butter;  neutral. 

Decompositions.  1.  Butyi'in,  by  the  mere  boiling  of  its  alcoholic 
solution,  acquires  the  property  of  reddening  litmus,  from  liberation  of 
butyric  acid.  In  a  warm  atmosphere,  butyrin  acquires  by  incipient 
decomposition,  the  power  of  reddeuing  litmus,  and  a  strong  odour  of 
butyric  acid,  which  may  however  be  removed  by  magnesia.  The  odour 
of  butter  is  likewise  due  to  small  quantities  of  butyric  acid  gradually 
eliminated  from  the  butyrin  contained  in  it;  a  mixture  of  butyric  acid 
and  hog's  lard  loses  the  odour  of  butter  much  sooner,  because  m  such  a 
mixture  all  the  acids  which  it  contains  are  in  the  free  state,  and  are  not 
replaced  by  fresh  quantities  as  they  evaporate.  — 2.  When  heated  to 
]C0°  with  an  equal  quantity  of  oil  of  vitriol,  and  then  left  to  itself,  it 
gives  off  an  odour  of  butyric  and  sulphurous  acids.  It  is  saponified  with 
peculiar  facility  by  potash.  In  this  decomposition,  100  pts.  of  the  fat 
yield  (1)  a  quantity  of  butyric  acid  (together  with  smaller  quantities  of 
caproic  and  capric  acid)  sufficient  to  produce  26  pts.  of  oaryta-salt; 
(2)  80*5  parts  of  a  mixture  of  a  large  quantity  of  oleic  and  a  small 
quantity  of  margaric  acid,  which  solidifies  at  32  ;  and  (3)  12*5  pts.  of 
glycerine.     [Pure  butyrin   would  probably  yield  nothing  but  butyric 
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acid  and  glycerin,  and  the  substance  examined  as  above  still  con- 
tained large  quantities  of  olein,  together  with  margarin,  capric,  and 
caproin.] 

Comhinations.  Butyrin  mixes  in  all  proportions  with  boiling  alcohol 
of  sp.  gr.  0*822.  The  warm  mixture  remains  clear  on  cooling  if  it  contains 
120  pts.  batyrin  to  100  alcohol;  but  a  mixture  of  20  pts.  butyrin  to  100 
alcohol  becomes  somewhat  turbid.  (Chevreul.) 

Artificial  Butyrin, — When  a  mixture  of  butyric  acid,  glycerin,  and 
oil  of  yitriol  is  heated,  a  yellowish  oil  rises  to  the  surface,  riydrochlorio 
acid  gas  may  also  be  passed  at  ordinary  temperatures  through  a  mixture 
of  butyric  acid  and  glycerin,  and  the  separation  of  the  oil  effected  by 
addition  of  water.  The  oil  obtained  by  either  of  these  processes,  amounts, 
after  being  washed  with  a  large  quantity  of  water,  to  60  or  70  p.  c.  of  the 
butyric  acid  used,  and  has  an  odour  and  sharp  taste,  due  perhaps  to  a 
foreign  product.  By  saponification,  it  is  reconverted  into  butyric  acid 
and  glycerin.  It  is  insoluble  or  very  sparingly  soluble  in  water,  but 
dissolves  in  all  proportions  in  ether  and  alcohol,  whence  it  is  separated 
by  water.  It  remains  still  to  be  decided  whether  this  artificial  butyrin 
agrees  in  composition  with  natural  butyrin,  supposing  that  we  can  succeed 
in  obtaining  the  latter  in  a  state  of  purity.  (Pelouse  &  Gelis,  N.  Ann, 
Chim,  Phys.  10,  455.) 

[According  to  the  theory  developed  in  yii,  231,  butyrin  should  be  formed  from 
1  At.  glyceriue  +  4  At.  batyric  acid -8  HO,  therefore  C«H»0«  +  4C«H80'*  — 8H0« 
C*H*02,4C8H70»=C»H«0".] 

^  The  three  following  artificial  butyrins  homologous  with  the  acetins 
(ix.  495),  have  been  obtained  by  the  direct  action  of  butyric  acid  upon 
glycerine. 


Monobutyrin.  C^H^^O* = C«H«o«,C«H«0«= C«|  Q^iQt]  0\ 

Berthelot.     j^.  Ann,  Chim,  Fhys.  41,  261. 

This  compound  is  obtained  by  exposing  a  mixture  of  glycerine  and 
butyric  acid,  either  to  sunshine  or  to  diffused  daylight  for  three  months, 
at  ordinary  temperatures.  -  2.  By  heating  butyric  acid  with  excess 
of  glycerine  to  200**  for  three  hours— the  temperature  not  exceeding 
200^ 

1.  Neutral,  oily,  odoriferous  liquid,  having  an  aromatic  and  bitter 
taste,  without  any  unpleasant  after-taste.  At  —40°  it  remains  liquid 
and  almost  as  mobile  as  at  ordinary  temperatures.     Sp.  gr.  1'088  at  17^. 


a. 

b. 

r. 

14  C 

....     84 

....       Ol'o       .... 

....     bl'O     ,. 

..     50-5     .. 

..     51-8 

34  H    .  .. 

...     14 

....       8-9     .. 

8-8 

8  O    .... 

....     64 

....     39-6     ... 

....     40*1     .. 

..     407 

C"H»09  ....  162     ....  100-0     1000     ....     1000 

a  and  b  were  prepared  at  200^;  c  at  ordinary  temperatures. 
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Deeompodtions,  1.  Mouobntjriti  when  exposed  to  tbe  air,  acquires 
a  slight  acid  reaction.  —  2.  Saponified  with  barytarwater,  it  yields  gly- 
cerine and  butyric  acid,  the  quantity  of  the  latter  amounting  to  aboat 
half  that  of  the  butyrin,  which  agrees  with  the  calculated  result,  fthe 
atomic  weight  of  butyrin  being  162,  and  that  of  butyric  acid,  C'H"0*, 
amoanting  to  88].  —  3.  Treated  with  alcohol  and  hydrochloric  acid,  it 
is  converted,  without  the  aid  of  heat,  into  glycerine  and  batyric  ether.  -— 
4.  It  is  decomposed  by  the  pancreatic  juice,  into  butyric  acid  and 
glycerine. 

Comhinations,  Monobutyrin  mixes  with  water,  and  in  certain 
proportions  forms  a  stable  emulsion.  When  1,  2,  and  3  vol.  water  are 
successively  added  to  8  vol.  monobutyrin,  the  water  dissolves,  and  the 
whole  forms  a  limpid  liquid.  2  vol.  more  water  render  the  mixture 
slightly  opalescent;  and  13  vol.  more  (18  in  all)  produce  an  opaque 
homogeneous  emulsion,*  which  is  stable,  and  remains  entire,  even  after 
several  hours*  repose.  If  this  mixture  be  successively  diluted  so  as  to 
mix  with  1  vol.  butyrin,  first  .5,  then  32,  and  at  last  even  220  vol.  water, 
the  liquid  still  remains  in  the  state  of  a  perfect  emulsion,  stable  and 
opalescent;  .900  vol.  water  render  the  liquid  almost  wholly  transparent, 
without  actually  forming  a  true  solution.  This  behaviour  of  mono- 
butyrin with  water  serves  to  distinguish  it  from  the  other  butyrins. 

A.  'butyrin  is  likewise  obtained  by  the  action  of  hydrochloric  add  gas  or  strong 
sulphuric  add  on  a  mixture  of  glycerine  and  butyric  acid  (p.  93).  Phosphoric  and 
tartaric  ncid  also  determine  the  combination.  —  Also  by  heating  a  mixture  of  glycerine 
butyric,  butyric  ether,  and  hydrochloric  acid  to  100°  for  several  hours.  On  decanting 
the  undecomposed  butyric  ether,  and  evaporating,  there  remains  a  neutral,  inodorous 
fixed  residue  which  dissolves  easily  and  completely  in  f  ther,  and  when  treated  with 
alcohol  and  hydrochloric  acid,  is  resolved  into  butyric  ether  and  glycerine. —  Butyric 
ether  heated  to  100^  with  glycerine  alone,  also  yields  in  the  course  of  102  hours  a  trace 
of  neutral  matter  fixed  and  insoluble  in  ether.  (Berthelot.) 


IT    Bibutyrin.    C«H»»0»«=(C«H«0«)lC«HW==C«{^^e57o«)«}^*- 

Berthelot.    iT.  Ann,  Chim.  Fht/s,  41,  264. 

Dibuiyrin.  (Berthelot.)  —  Preparation,  1 .  By  heating  a  mixture  of 
glycerine  and  butyric  acid  to  275°  for  several  hours. —  MHienever,  in  the 
preparation  of  monobutyrin,  the  temperature  rises  above  220%  bibutyrin  appears  to  be 
formed  at  the  same  time.  In  one  experiment,  six  tubes  containing  the  same  mixture  of 
glycerine  and  butyric  acid  were  heated  to  200*  for  three  hours.  On  opening  one  of 
them  at  the  end  of  that  time,  it  was  found  to  contain  a  considerable  quantity  of  mono- 
butyrin. The  other  five,  heated  to  275®  for  12  to  15  hours  longer,  yielded  bibutyrin, 
but  in  quantity  less  than  that  of  the  monobutyrin  obtained  from  the  single  tube  pre- 
viously opened.  —  2.  By  heating  to  200°  for  several  hours  a  mixture  of 
glycerine  and  butyric  acid  diluted  with  water.  — 3.  By  heating  to  200** 
for  three  hours  a  mixture  of  1  pt.  of  glycerine  with  4  pts.  of  butyric 
acid.  —  Berthelot  originally  supposed  that  this  last  mentioned  process  yielded  another 

*  This  phenomenon  is  similar  to  that  observed  by  Chevrenl  with  natural  butyrin 
and  alcohol  (p.  93). 
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body,  Hfyridin^C^*U^07,^h\ki  he  now  finds  diis  product  to  be  identical  with 
bibntrrin. 

Neutral,  odoriferous,  oily  liquid,  which  volatizes  at  820®,  without 

perceptible  alteration.     Sp.  gr.   1082  at  17°  before  distillation,  1081 

after  distillation.     Sp.  gr.  of  a  product  obtained  by  tbe  third  process, 

1082.     Remains  liquid  at  —  40\  but  becomes  less  mobile. 

Bertbelot. 


fl.        b,  c,        d.  Cm  f, 

22  C    132     ....     56-9     538  531  52-6     54-1  54-3     63-8 

10  H  10      ...       8-6     0-4       8-9  8-7  91 

10  O  80     ....     34-5     36-8  3S0  372  37-1 

C»HMO« 222     ....  100-0     100-0  1000  lOO'O  1000 

a.  prepared  at  275°,  b.  the  Fame  after  distillation;  e.  prepared  at  200*  with  the 
aqneoos  acid ;  d,  prepared  by  the  third  process  and  separated  from  the  watery  liquid  at 
the  moment  of  saturation  by  carbonate  of  potash  ;  e.  the  portion  of  the  same  preparation 
which  remained  dissolved  in  the  watery  liquid  and  was  extracted  by  ether;  /.  another 
preparation. 

Berthelot  assigns  to  bibutyrin  the  formula  C^H^^O^^,  supposing  only  2  At.  water  to 
be  eliminated  in  its  formation  [C»H«O»*=2C»H»0«  +  C«H«O«-2HO]  ;  this  formula 
requires  C«52*8  p.  c. ;  H— 8*8,  which  agrees  with  the  analyses  rather  better  than  the 
formula  C^H^O*^ ;  but  as  the  formula  C^H^O^  is  altogether  anomalous  and  inconsis- 
tent  with  that  of  other  bodies  of  the  same  group  (see  ix.  492),  and  as  moreover  there 
appears  to  be  considerable  difficulty  in  obtaining  this  body  in  a  definite  state  and  free 
from  monobntyrin,  it  is  most  probable  that  the  correct  formula  is  C^H^'^O^",  which 
supposes  the  elimination  of  4  At.  water. 

DecomposUioiis,  1.  Bibutyrin  when  heated  above  320°,  begins  to 
turn  acid  and  yield  acrolein.  —  2.  Heated  with  water  to  220°  for  some 
time,  it  is  decomposed,  with  liberation  of  butyric  acid.  This  decom- 
posing action  of  water  appears  also  to  be  exerted  at  ordinary  tempe- 
ratures, bibutyrin,  as  well  as  the  other  .hut3rrins,  rapidly  acquiring  a 
slight  acid  reaction  when  exposed  to  the  air.  This  acidification  is  not  due  to 
oxidation,  for  nionobutyrin  and  bibutyrin  in  contact  with  moist  oxygen,  with  or  without 
addition  of  brass  filings  or  oxide  of  lead,  do  not  absorb  any  perceptible  quantity  of 
oxygen  in  the  course  of  ten  weeks.  —  3.  Bibutyrin  (prepared  either  by  the 
first  or  the  third  process)  is  resolved  by  baryta  into  glycerine  (slightly 
saline)  and  about  -I  of  its  weight  of  butyric  acid,  which  nearly  cor- 
responds with  the  calculated  quantity,  [C«H*°0*°=242;  2C®H80*=17e.] 
4.  Treated  with  aqueous  ammonia,  it  yields  in  five  days,  crystals  of 
butyramide  C®H'NO'.  —  5.  Treated  with  alcohol  and  hydrochloric  acid 
at  ordinary  temperatures,  it  is  resolved,  in  the  course  of  a  few  hours,  into 
butyric  ether  and  glycerine.  Alcohol  alone  produces  the  same  decom- 
position in  48  hours,  at  100°  in  an  open  vessel. 

Comhinaiions.  a.  With  WaCer. —  1  vol.  bibutyrin  and  1  vol.  water 
form  a  limpid  mixture;  the  addition  of  another  1  vol.  water  precipitates 
the  bibutyrin,  which  collects  quickly  at  the  bottom  of  the  vessel;  the 
addition  of  3  vol.  more  water  accelerates  the  deposition  considerably; 
150  to  200  vol.  water  form  a  transparent  solution  or  emulsion.-— 
h,  Bibutyrin  mixes  with  alcohol  and  ether,  (Berthelot.) 
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Tiibutyrin.   C»H»0"=(CWO')»,C«H«0«=C»{  /csH'oy }^"- 

Berthelot.    i\r,  Ann.  Chvn,  Phys.  41,  267. 

Formation,  From  butyric  acid  and  glycerine,  with  elimination  of 
G  At.  water: 

CMH«0"  =  3C8H80*  +  C«H»0«  -  6H0. 

Preparation.  By  heating  bibutyrin  with  10  to  15  times  its  weight 
of  butyric  acid  to  240°  for  four  hours. 

Proj)€7'ti€8.  Neutral,  limpid,  oily  liquid,  of  sp.  gr.  1*056  at  8°.  Has 
an  odour  like  that  of  the  other  butyrins,  and  a  pungent  taste  with 
bitter  after-taste. 

Berthelot. 

30  C 180     ....     59-6     59-8 

26  H 26     ....       8-6     9*1 

12  O :..       96     ....     31*8     3M 

C30H26O12 302     ...100-0     1000 

Treated  with  alcohol  and  hydrochloric  acid  at  ordinary  temperatures, 
it  yields  butyric  ether  and  glycerine. 

Insoluble  in  water;  very  easily  soluble  in  alcohol  and  ether;  spa- 
ringly in  cold  dilute  alcohol.  (Berthelot.) 

Comparison  of  natural  VfUh  artificial  Butyrint,  Batter  treated  with  alcohol 
yielded  an  oil  containing  6*3  to  6*9  pts.  glycerine  to  10  pts.  butyric  acid.  —  The  liquid 
portion  of  butter  yielded  oils  containing  3'1|  3*4  and  4*0  pts.  glycerine  to  10  pts. 
butyric  acid.  —  On  the  other  hand,  monobutyrin  should  contain  10*5  glycerine  to  10  pts. 
butyric  acid;  bibutyrin  5*2  to  10;  tributyrin  3*5  to  10.  The  composition  of  natural 
butyrin  appears  therefore  to  be  intermediate  between  that  of  the  artificial  butyrins. 

Butyroglyceric  Acid?  When  the  liquid  obtained  in  the  preparation  of  the 
butyrins,  as  abovei  is  saturated  with  carbonate  of  potash,  it  separates  into  two  layers.  — 
On  agitating  with  a  small  quantity  of  ether,  the  upper  layer  forms  with  the  ether  a  stable 
mixture  which  admits  of  filtration ;  and  if  this  mixture  be  decanted  and  ether  added  to 
it  in  large  quantity,  a  watery  stratum  is  immediately  precipitated,  and  an  upper  ethereal 
stratum  formed  containing  the  neutral  compound.  The  precipitated  aqueous  stratum 
retains  a  considerable  quantity  of  butyrin,  which  can  only  be  separated  by  treating  it 
25  or  30  times  with  cold  ether.  The  watery  liquid  then  remaining  leaves  on  evaporation 
a  saline  mass  which,  when  treated  with  hydrochloric  acid  and  alcohol,  yields  butyric 
ether,  glycerine,  and  chloride  of  potassium  (in  one  experiment  0*088  grm.  of  glycerine 
and  0*133  grm.  KCI,  corresponding  to  0*084  grm.  KO.)  This  result  seems  to  indicate 
the  formation  of  a  butyroglycerate  of  potash.  (Berthelot,  N.  Ann,  Chim,  Thy*. 
41,271.)   % 


Butyrone.    C"H"0'=:C*H»o^c«H^ 

Chancel.  (1844.)  iV.  Ann,  Pharm.  12,  146;  also  Comp(,  rend.  IS, 
1023;  abstr.  J.  pr.  Chem.  33,  453;  abstr.  Ann,  Pharm.  52,  295. — 
N.  J.  Phai^,  7,  116,  13,  462. 

CheTreul  obtained  by  the  dry  distillation  of  various  alkaline  butyrateS,  a  volatile  oil 
having  the  odour  of  the  Jiabiatee ;  this  oil  was  more  exactly  investigated  by  Chaocel  in 
1844,  and  recognised  as  the  ketone  of  the  butyric  series** 
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Pi^eparation,  Dry  bntyrate  of  lime  in  quantity  not  exceeding  a  few 
grammes,  is  carefully  heated  in  a  retort  till  it  is  resolved  into  carbonate 
of  lime  and  nearly  pure  butyrone,  amounting  to  42  or  43  p.  c.  of  tbo 
lime-salt  (p.  83).  The  product  is  distilled  in  a  retort  fitted  with  a 
thermometer;  it  begins  to  boil  below  100°,  but  the  boiling  point  soon 
rises  to  140°;  below  140°,  the  distillate  consists  chiefly  of  butyral;  but 
between  140°  and  150°,  at  which  temperature  the  receiver  must  be 
changed,  the  butyrone  passes  over;  it  may  bo  purified  by  a  second  dis- 
tillation. The  liquid  which  passes  over  above  150°,  is  a  mixture  of 
butyrone  with  the  oil  mentioned  on  page  84. 

Properties,  Transparent,  colourless,  oil,  of  sp.  gr.  0-83.  When  sur- 
rounded with  a  mixture  of  ether  and  solid  carbonic  acid,  it  solidifies  in 
broad,  transparent,  and  colourless  lamina).  Boils  at  about  144°.  Vapour- 
density  =3-99.  {CompL  rend.  21,  273.)  Has  a  peculiar  penetrating 
odour  and  burning  taste. 


Calculation,  according  to  Chancel. 

1-1 C 84     ....     73-C9 

14  H    14     ....     12-28 

2  O     If)     ....     14-03 


Vol.  Density. 

C-vapour 14  ....  5-8240 

H-gas 14  ....  0  9702 

O-gas  1  ....  1-1093 


c"tr^02 114 


lOO'OO 


Vop,  of  butyrone      2 

1 


7-9035 
3-9j17 


Jkcomposilions,  1.  Butyrone  is  very  inflammable  and  burns  with  a 
luminous  flame.  —  2.  When  exposed  to  the  air,  it  gradually  absorbs 
oxygen  gas,  but  without  acquiring  any  colour.  —  3.  Takes  fire  imme- 
diately in  contact  with  crystallized  chromic  acid.  —  Mixed  with  an  equal 
Tolnme  of  cold  moderately  strong  nitric  acid,  it  rises  to  the  top,  turns 
red,  and  afterwards  green,  and  when  gently  heated  gives  off  with 
violence  nitrous  vapours  mixed  with  carbonic  acid  gas  aud  an  ethereal 
liquid  smelling  like  butyric  ether,  while  nitropropionic  acid  (ix.  430) 
remains  behind. —  5.  When  butyrone  is  distilled  with  pentachlorido  of 
phosphorus,  phosphoric  acid  remains  behind,  and  hydrochloric  acid 
passes  over,  together  with  a  chlorobutyrone,  C"H"Cl,  —  [This  product 
appears  ratlier  to  be  chlorobutylene,  C^H^Cl;  q,  v.] 

ComhincUions,  Butyrone  is  nearly  insoluble  in  wafer^  to  which  how- 
ever it  imparts  its  odour.     Mixes  in  all  proportions  with  alcohol. 


OdmyL    eH«,S»l 

Anderson  (1847).    Phil.  Mag.  J.  31,  161;  also  Ann.  Pharm.  63,  370; 
also  J.  pr.  Chem,  42,  1. 

3  lb.  of  linseed  or  olive  oil  is  gradually  distilled  for  a  whole  day 
with  a  small  quantity  of  sulphur,  in  a  flask  of  5  times  the  capacity  of 
the  liquid,  over  a  fire  which  must  be  kept  uniform  and  can  be  removed 
if  the  mixture  threatens  to  froth  over,  a  piece  of  sulphur  being  also 
added  from  time  to  time,  so  as  to  keep  up  a  uniform  effervescence;  the 
distillate  is  received  in  a  vessel  surrounded  with  ice  and  fitted  with  a 
bent  tube,  to  conduct  the  most  volatile  portion  into  a  bottle  containing 

VOL.  X.  H 
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alcohol.  If  the  heat  be  not  suf&oient,  the  masa  becomes  thick  and 
froths  over;  if  it  be  too  great,  the  evolution  of  gas  becomes  too  violent. 
When  the  mass  has  decreased  to  one-third,  the  residue  becomes  very 
thick,  and  often  causes  the  flask  to  crack.  A  large  quantity  of  sulphu- 
retted hydroffen  is  evolved,  and  a  red-brown  sulphuretted  oil  is  obtained 
together  wifli  crystals  of  raargario  acid.  By  repeated  rectification  of 
the  oil,  the  most  volatile  portion,  which  is  the  least  abundant,  is  obtained 
in  the  form  of  a  transparent,  colourless,  very  mobile  oil,  boiling  at  71^. 
This  is  impure  odmyl,  of  variable  composition,  three  analyses  of  dif- 
ferent preparations  giving  : 

C  75-03     ....     7879     ....     79-95 

H 12-20    ....     12-71     ...     12-75 

Bat  this  impure  odmyl  yields  with  corrosive  sublimate  and  bichloride  of 
platinum,  precipitates  of  constant  composition. 

Merctiry-precipUaie.  —  The  alcoholic  solution  of  impure  admyl  forms 
with  an  alcoholic  solution  of  corrosive  sublimate,  a  white  bulky  preci- 
pitate, which  is  washed  jon  the  filter  with  a  large  quantity  of  ether,  (to 
remove  another  oil  likewise  containing  sulphur,)  then  dissolved  in  a  large 
quantity  of  boiling  alcohol,  from  which,  after  filtration  and  cooling,  the 
pure  compound  separates  as  a  white  nacreous  i)owder,  which  appears 
under  the  microscope  to  consist  of  six-sided  tables.  Even  after  long 
washing  with  ether,  it  exhibits  a  slightly  unpleasant  odour,  which  in- 
creases when  the  compound  is  heated. 

Calculation  aceording  to  Anderson*  Anderson. 

16  C   96-0     ....     14-48  14-61 

16  H   160     ...       2-42  2-72 

4  Kg 4000     ....     60-35  60-01 

2  CI  70-8     ....     1068  10-46 

5  S    80-0     ....     12-07  12-48 

662-8     ....  100-00     100-28 

C8H8S3,2HgCl  +  C8H8S2,Hg3S.  (Anderson.)  Gerhardt  (N.  J.  Pharm.  12,  369) 
prefers  the  formula  C«H»«SS2Hg2Cl. 

The  precipitate  gives  off  when  heated,  an  oil  having  a  disgusting 
odour.  Caustic  potash  turns  it  yellow,  showing  that  it  contains  not 
dichloride  but  protochloride  of  mercury.  [What  becomes  of  the  disulphide  of 
mercury  supposed  to  exist  in  the  precipitate .']  The  precipitate,  when  diffused 
in  water,  is  immediately  blackened  by  sulphuretted  hydrogen;  and  then 
yields  by  distillation  a  transparent,  colourless  oil,  perhaps  pure  odmyl, 
which  floats  on  water,  and  whose  alcoholic  solution  again  forms  a  white 
precipitate  with  chloride  of  mercury,  and  yellow  with  bichloride  of 
platinum.  The  precipitate  is  insoluble  in  water,  and  is  not  readily 
moistened  by  that  liquid;  it  dissolves  in  some  hundred  parts  of  boiling 
alcohol,  but  separates  as  a  crystalline  powder  on  cooling;  it  dissolves  in 
oil  of  turpentine  at  about  the  same  rate  as  in  alcohol;  but  most  abundantly 
in  the  most  volatile  oil  of  coal-tar. 

Platinum-precipitate,  —  The  alcoholic  solution  of  impure  odmyl  gra- 
dually forms  a  sulphur-yellow  precipitate  with  bichloride  of  platinum. 
(The  oil  which  passes  over  between  150°  and  205°,  after  the  impure  odmyl,  forms  an 
orange-yellow  precipitate,  containing  49-6  p.  c.  platinum.)     The  precipitate,   when 

heated^  gives  off  the  same  oil  as  the  mercury-precipitate,  and  leaves  black 
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snlpbide  of  platinum.     Hydrosulphate  of  ammonia  converts  it  into  a 
brown  powder. 

Andenon. 

16  C 96-0     ....     20-83     22*26 

16  H 16-0     ....       3-47     3  99 

2Pt 198-0     ....     42-97     4306 

2  CI 70-8    ....     15-37 

5  S 80-0    ....     17-36 

460-8     ....  100-00 

C»H«SS,PtCl>  +  C3H8S>,PtS.  (Andenon.)  If  the  predpitate  be  regarded  as 
C«HWS<Pt«Cl«.  odmvl  wiU  be  C»«HWS<.  (Gerhardt.) 

Impnre  odmj]  dissolved  in  alcohol  produces  but  a  slight  cloud  with 
neutral  acetate  of  lead  or  nitrate  of  silver;  but,  on  heating  the  liquid, 
sulphate  of  lead  or  silver  is  precipitated.  (Anderson.) 


T    Butylic  Mercaptan.    c«H'<«*s=C8H8,h»s«. 

E.  HuMANN.    JV.  Ann.  Chim.  Fhy$.  44,  337;  Ann.  Pharm,  95,  256; 
Chem.  Soc.  Qu,  J.  8,  274. 

Formation  and  Preparation,  Br  distilling  at  the  heat  of  the  water^ 
bath,  a  mixture  of  aqueous  sulphydrate  of  potassium  and  concentrated 
aqueous  sulphobutyl.ite  of  potassium,  the  product  being  received  in  a 
well  cooled  flask: 

C8H9KO«,2S03  +  KS,HS  «  CH^^S'  +  2(K0,S0»). 

The  oily  liquid  which  condenses  is  decanted,  placed  in  contact  with 
chloride  of  calcium,  and  distilled,  the  portion  which  passes  over  between 
So""  and  90°  being  collected  apart. 

Properties.  Colourless,  very  mobile  liquid,  having  the  peculiar 
disagreeable  odour  which  characterises  the  mercaptans.  Sp.  gr.  0*848  at 
11-5°.  Vapour-density  3*1 0.  Boils  at  88°.  Has  no  action  on  vegetable 
colours. 

Hnmann. 

8C   48     ....     53-33     53*52      ...     53-16 

10  H 10     ....     nil     11-71     ....     11-32 

2  S    32     ....     35-56 

C«H»'>S» 90    ....  10000 

Vol.  Density. 

C-vapour  8  3*3280 

H.gaa    10  0-6930 

S.vaponr  1  22186 


Vapour  of  CHIOS'    ....      2     6*2396 

1     31198 

May  be  regarded  as  C8H9S,HS  or  as  ^^^]^- 

Deetmpotitions,  1.  Butylic  mercaptan  is  very  irffammabie,  and 
bums  with  a  pale  blue  flame.  —  2.  Dilute  nitric  acid  acts  very  strongly 
on  it;  the  liqnid  turns  red  from  formation  of  nitric  oxide,  which  dissolves 
in  it,  but  the  colour  disappears  gradually  on  heating,  ar.d  an  oily  liqnid 

n  2 
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18  found  on  the  surfsice.  —  3.  Potassinm  decomposes  but j]ic  mercaptan, 
with  evolution  of  hydrogen  and  formation  of  the  compound  C^H'KS^  — 
4.  Several  heavy  metallic  oxides  in  the  free  state,  or  dissolved  in  acidd^ 
decompose  butylic  mercaptan,  forming  water  and  a  metallic  butylomer- 
captide j  e,  g,  with  mercury  : 

C«H'«S9  +  HgO  =  CIl^HgSS  +  HO. 

ComhincUions,  Butylic  mercaptan  dissolves  very  sparingly  in  waiei\ 
It  dissolves  sulphur  and  iodine, 

BtUyhmercaplide  of  Potassium.  C^H^KS*.  —  White  granular  com- 
pound obtained  by  the  action  of  potassium  on  butylic  mercaptan. 

Bviyhmercaptide  of  Lead,  C®H*PbS'. — Yellow  crystalline  precipi- 
tate formed  on  pouring  an  alcoholic  solution  of  butylic  mercaptan  into 
acetate  of  lead. 

Butyhmei'captide  of  Mercury.  C^H^HgS^  —  When  an  alcoholic 
solution  of  butylic  mercaptan  is  poured  upon  red  oxide  of  mercury,  a 
rapid  action  takes  place,  attended  with  considerable  evolution  of  heat; 
and  on  dissolving  the  product  in  alcohol,  and  leaving  the  solution  t^ 
cool,  this  compound  is  deposited  in  white  nacreous  scales,  which  are  very 
fusible  and  unctuous  to  the  tonch.  The  compound  is  decomposed  by  sul- 
phuretted hydrogen,  yielding  sulphide  of  mercury  and  butylic  alcohol. 


8  C... 
9H 

Hg 

2  S... 


Humann. 

48     .. 

..     25-39     . 

25-78 

9     .. 

4-76     . 

5-01 

100     .. 

..     52-91     . 

52-55 

32     . 

..     16-94 

C8H9HgS« 189     ....  10000 

Butylic  mercaptan  forms  white  precipitates  with  acetate  of  copper  and 
terchloride  of  gold, 

Butylic  mercaptan  dissolves  in  all  proportions  in  alcohol  and  Hfier. 
(Humann.) 


f  Iodide  of  Butyl.    C«Hn=CW,Hr. 

WuRTZ,  N,  Ann.  Chim.  Fhys.  42,  129;  Ann.  Pharm.  8,  115. 

Preparation.  By  the  action  of  iodine  and  phosphorus  on  butylic 
alcohol.  1-5  pt.  iodine  is  added  to  1  pt.  butylic  alcohol  in  a  vessel  sur- 
rounded with  cold  water,  and  a  quantity  of  phosphorus,  equal  to  about 
Tir  of  the  iodine,  added  in  successive  small  portions,  the  mixture  being 
heated  towards  the  end  of  the  process,  to  render  the  action  complete. 
1  he  dark  colour  of  the  liquid  then  gradually  changes  to  brownish  yellow, 
whilst  hydriodic  acid  is  abundantly  evolved,  which,  together  with  a 
small  quantity  of  iodide  of  butyl  that  passes  over  with  it,  is  received 
in  a  small  quanty  of  cold  water.  As  soon  as  the  colouring  produced  hv 
the  lodme  has  disappeared,  and  the  liquid  is  in  full  ebullition,  it  is  left  to 
cool,  and  that  which  remains  in  the  distillation-vessel  is  washed,  first  with 


BROMIDE  OP  DUTYL.  101 

the  aqueous  bydriodic  acid  previously  collected^  whereby  a  small  quantity 
of  undecomposed  butylic  alcohol  is  dissolved,  and  then  with  pure  water; 
it  is  then  dehydrated  with  chloride  of  calcium,  and  freed  from  the  still 
remaining  portion  of  butylic  alcohol,  by  treating  it  while  warm  with 
pulverized  iodide  of  phosphorus,*  till  the  latter  crystallizes  out  on  cool- 
ing. The  liquid  is  then  distilled,  the  distillate  washed  with  water,  dehy- 
drated over  chloride  of  calcium,  and  rectified,  the  portion  which  passes 
over  between  118°  and  122°  being  collected  apart. 

PropeyiUs.  Colourless  when  recently  prepared,  bat  soon  turns 
brown  by  exposure  to  light.  Refracts  light  strongly.  Boils  at  121°,  but 
when  a  mixture  of  water  and  iodide  of  butyl  is  distilled,  the  thermometer, 
at  the  beginning  of  the  distillation,  when  the  iodide  of  butyl  chiefly 
passes  over,  indicates  only  88°  to  89°.  Sp.gr.  1*604  at  10°,  Vapour- 
density  =  6-217. 

Wurtz. 

8  C...    48     ....     2o-22     ....     26'04  to  26*59  C-vapour 8     ....     3-3280 

9  H....      9     ....       4-91     ....       4-92— -  5-13  H-gas 9     ....     0*6237 

I....  126     ....     68-87     ....  68-68  I-vapour 1     ....     8-7356 

^Hn  183     ....  10000  Vap.  of  CSR^I     2     ....  12-6873 

1     ....     6-3436 

Decompositions,  1.  Iodide  of  butyl  burns  with  difficulty,  and  only 
in  contact  with  a  burning  body ;  the  combustion  is  attended  with  evolu- 
tion of  iodine  vapours.  —  2.  It  is  but  slowly  attacked  by  aqueous  pot" 
(zsh,  even  when  boiled  therewith  for  some  time;  but  alcoholic  potash 
decomposes  it  with  formation  of  butylic  alcohol  and  iodide  of  potassium. 
—  3.  Potassium  decomposes  iodide  of  butyl,  yielding  butyl  and  iodide  of 
potassium.  —  4.  With  hutylate  of  potassium,  C®i-PKO^,  it  forms  butylic 
ether  and  iodide  of  potassium  (p.  69).  —  5.  With  oxide  of  silver,  it 
forms  butylic  ether  and  iodide  of  silver.  —  6.  With  silver-salts,  e.  g.  the 
carbonate,  sulphate,  acetate,  dsc.  it  forms  iodide  of  silver  and  a  com- 
pound ether,  e.g,  carbonate,  sulphate,  acetate,  &c.  of  butyl.  A  solu- 
tion of  nitrate  of  silver  is  immediately  precipitated  by  iodide  of  butyl. 
(Wurtz.) 


IT  Bromide  of  Butyl.    c«H^Br=C«H«,HBr. 

Wurtz.  N.  Ann,  Chim.  Phys,  42,  129;  Ann,  Pliarm,  93,  114. 

Formation  and  Preparation,  By  the  action  of  bromine  and  phos- 
phorus on  butylic  alcohol.  A  few  drops  of  bromine  are  added  to  butylio 
alcohol;  a  small  piece  of  phosphorus  thrown  in,  the  liquid  being  kept 
cool  and  shaken  till  the  colour  of  the  bromine  is  destroyed;  the  aildition 
of  bromido  and  phosphorus  then  repeated;  and  so  on  continually  till 
vapours  of  hydrobromic  acid  are  abundantly  evolved,  and  a  quantity  of 

*  Wurtz  prepares  this  compoiind  by  adding  8  or  10  pts.  of  iodine  to  1  pt.  of 
pbosphonis  in  a  small  flask  or  a  glass  tube  tliat  may  be  closed,  whereupon  violent 
action  ensues  and  the  resulting  compound  fuses.  It  is  then  heated  for  a  few  seconds 
till  the  layer  which  adheres  to  the  glass  on  moving  the  vessel  exhibits  a  dark  red  colour 
by  timnsmitted  light',  and  the  liquid  compound  separates  from  the  excess  of  phosphorus 
which  has  passed  into  the  red  modification.  The  iodide  of  phcsphorus  separates  in  the 
crystalline  form  on  cooling,  and  may  be  easily  rubbed  to  a  dark-red  powder. 
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bromine  has  been  added,  at  least  equal  to  that  of  the  butylic  alcohol. 
The  liquid  is  then  distilled  at  a  temperature  not  exceeding  100°,  and  the 
resulting  vapours  passed  into  a  flask  containing  water,  which  dissoWes 
the  hjdrobromio  acid,  while  the  impure  bromide  of  butyl  collects  at  the 
bottom.  The  latter  is  washed  with  water,  dried  with  a  little  chloride  of 
oalcium,  and  reotifled;  that  which  passes  over  at  89^  is  pure  bromide  of 
butyl. 

Properties.  Oily  liquid,  having  an  ethereal  odour,  and  boiling  at 
8d^    Sp.gr.  =  1-274  at  16^     Vapour-density  4720. 

Warts. 

8  C  48     ..,.     35-03     ....     34-58  ....  34-97 

9  H 9    ....      6-56    ....      6-67  ,...    6-67 

Br 80    ....     58-41  57-91 

C^H'Br 137    ....  100*00  99*55 

C-vapour 8    ....     3*3280 

H-gas- , 9     ....    0-6237 

Br.-vapour  1     ....     5-5465 

Vap.  ofC«H«Br 2     ....     9*4982 

1     ....    4-7491 

DecamposUions.  1.  Fotcusium  decomposes  bromide  of  batyl,  slowly 
at  ordinary  temperatures,  but  with  violence  when  heated.  When  the 
two  substances  are  heated  together  in  a  sealed  tube,  decomposition  begins 
as  soon  as  the  potassium  melts,  a  large  quantity  of  gas,  probably  buty- 
lene  and  hydride  of  butyl,  being  evolved,  and  the  tube  explodes  with 
violence.  —  2.  Ammonia  acts  slowly  on  bromide  of  butyl  at  ordinary 
temperatures,  forming  hydrobromate  of  butylamine.  (Wurtz.) 


T   Chloride  of  Butyl.    C•H•Cl=C•H^HCl. 

Wurtz.    N.  Ann.  Chim.  Fhys.  42, 129;  Ann.  Pharm.  03,  113. 

Formation  and  Preparation,  1 .  By  the  action  of  hydrochloric  acid 
on  butylic  alcohol.  When  the  alcohol  is  saturated  with  hydrochloric  acid 
gas,  and  the  liquid  sealed  up  in  a  glass  tube  and  heated  in  the  water- 
bath,  a  large  quantity  of  chloride  of  butyl  is  produced,  and  may  be 
obtained  pure  by  washing  the  product  with  water,  distilling,  and  sepa- 
rating the  portion  which  goes  over  between  70°  and  75°. — 2.  By  the 
action  of  pentachloride  or  oxychloride  of  phosphorus  on  butylic  alcohoL 
The  alcohol  is  placed  in  a  nask  with  a  long  neck,  which  must  be  kept 
very  cool,  and  the  chloride  of  phosphorus  added  by  small  portions. 
Violent  action  takes  place,  attended  with  great  evolution  of  heat,  and 
the  pentachloride  is  converted  into  oxychloride,  which  then  acts  on  the 
last  portions  of  butylic  alcohol.  The  oxychloride  may  also  be  used  from 
the  beginning  instead  of  the  pentachloride,  in  which  case  the  action  is 
less  violent.  In  either  case,  the  contents  of  the  flask  must  be  left  to 
stand  for  24  hours,  and  then  distilled,  the  portion  which  passes  over 
below  100°  being  collected  apart;  this  portion  is  then  washed  with  water, 
dried  over  chloride  of  calcium,  and  rectified^  collecting  separately  tb« 
portion  which  distils  over  at  70°. 


■ 

i 
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Properties.  Chloride  of  batyl  is  a  liquid  lighter  than  water,  and 
having  an  ethereal  odour,  recalling  also  that  of  chlorine.  Boiling  point 
about  70*'. 

Wurtz. 

8  C 48-0    ....     51-88     51-21     ....     51*86 

9  H    9-0    ....       9-72     9-69     ....       9'99 

CI   35-4     ....     38-40 

C8H»C1  92-4    ....  100-00 

C-Taponr 8     ....     3*3280 

H-gas  9    ....     0-6237 

Cl-gas 1     ....     2*4543 


Vap.  ofCSR'Cl    2     ....     6*4060 

1     ....     3-2030 

Chloride  of  butyl  is  rapidly  decomposed  by  potassium^  with  rise  of 
temperature  and  evolution  of  gas.  (Wurtz.)  IT 


Chloride  of  Butylene.   C^H^CP. 

Fabaday  (1825)  and  Kolbe,  in  the  memoirs  cited  in  connection  with 
Butylene  (p.  66). 

Butylene-ga«  mixed  with  an  equal  volume  of  chlorine,  condenses 
quickly  and  with  great  evolution  of  heat,  forming  a  transparent,  colour- 
less oil,  which  tastes  sweet  at  first,  but  afterwards  aromatic  and  persist- 
ently bitter.  (Faraday.)  When  dry  butylene-gas  mixed  with  hydrogen, 
as  obtained  by  the  method  described  on  page  QQ^  (2)  is  brought  in  contact 
with  dry  chlorine  in  a  two-mouthed  bottle,  the  bottom  of  the  bottle, 
which  becomes  slightly  warm,  being  at  the  same  time  protected  from  day- 
light, there  is  formed,  besides  the  hydrochloric  acid  proceeding  from  the 
hydrogen,  an  oily  liquid  which  runs  down  the  sides.  This  liquid  is  shaken 
up,  first  with  slightly  alkaline,  then  with  pure  water,  to  free  it  from 
hydrochloric  acid;  then  dried  over  chloride  of  calcium;  distilled  as  long 
as  the  boiling  point  remains  below  130°  (it  afterwards  rises  to  160°,  in 
consequence  of  the  presence  of  compounds  containing  more  chlorine  and 
less  hydrogen);  and  the  more  volatile  portion  submitted  to  repeated 
fraetional  distillation  till  the  boiling  point  remains  constant  at  123°. — 
In  this  manner,  a  transparent,  colourless  oil  is  obtained,  of  sp.  gr.  1-1112 
at  18%  Tftponr-density  4*426,  and  having  exactly  the  agreeably  sweet 
odour  of  its  bomologae,  ehloride  of  ethylene.  (Kolbe.) 

Kolbe. 

8  0    48-0     ....     37*86    ....     38-2 

8  H  8-0    ....       6*31     ....       6*8 

2  CI  70*8     ...     55*83     ....     55*5 

C8H8C12 126-8     ....  100*00    ...  1005 

Vol.  Density. 

C-vapour 8     ....  3*3280 

H-gas 8     ....  0-5547 

Cl.gas 2     ....  4*9086 

Vap.  ofCH^CP 2     ....     8-7913 

1     ....     4-3956 

The  oil  which  diatiU  over  at  132**  contains  34*6  p.  c.  C  and  5-5  H.  (Kolbe.) 
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Chloride  of  butylene  burns  with  a  bright  but  sooty  flame,  forming 
clouds  of  hydrochloric  acid.  (Kolbe,)  —  When  exposed  to  sunshine  in  a 
bottle  containing  chlorine,  it  is  very  slowly  converted,  with  absorption  of 
chlorine  and  formation  of  hydrochloric  acid,  into  a  viscid  liquid  con- 
sisting of  carbon,  hydrogen,  and  chlorine,  and  not  containing  any  crystals 
of.  C*C1'.  (Faraday.)  —  When  heated  with  alcoholic  potash,  it  deposits  a 
largo  quantity  of  chloride  of  potassium,  and  the  liquid,  which  then 
acquires  a  different  odour,  becomes  milky  on  addition  of  water,  in  con- 
sequence of  the  separation  of  small  drops  of  a  volatile  oil  which  has  a 
peculiar  odour,  and  is  probably  =  C*C1H  .  (Kolbe.) 

When  butylene  gas  mixed  with  hydrogen  is  aborbed  by  pentachloride 
of  antimony,  and  the  resulting  mass  distilled  with  addition  of  hydro- 
chloric acid,  it  blackens  and  yields  an  oil,  which,  after  washing  and 
drying,  is  found  to  contain  28*4  per  cent.  C,  4*2  H  and  68*2  CI.  (Kolbe.) 

[=C«Clir,CP  nearly]. 

IT  Bromide  of  Butylene^  C®H*,Br*,  is  formed  by  bringing  together 
bromine  and  butylene  in  the  state  of  vapour.  It  is  a  liquid  which  boils 
at  160°.  When  heated  to  100°  in  a  sealed  tube  with  an  alcoholic  solution 
of  ammonia,  it  yields  a  deposit  of  hydrobromate  of  ammonia^  while 
bromobutylcne  C^H^fir  remains  in  solution.  {Traite  de  Cldmic  Organxqtu, 
par  Ch.  Gerhardt,  ii,  635.) 


IF    Conjugated  Compounds  of  the  Primary  Nudem,  C®H®. 

Carbonate  of  Butyl.    C«H»0»=C«H'0,CO'. 

Wdrtz.     N,  Ann,  Chim,  Fhys.  42;  Ann,  Fharm.  93,  119. 
E.  HuMANN.      N,  Ann,  Chim,  Phys,  44,  337. 

Buiylie  Carbonate,  Kohlenbutester, 

Preparation,  1.  By  heating  equal  parts  (12  grm.)  of  carbonate  of 
silver  and  iodide  of  butyl  enclosed  in  a  strong  sealed  glass  flask,  in  the 
water-bath  for  two  days;  on  opening  the  tube  after  cooling,  a  small 
quantity  of  carbonic  acid  gas  escapes,  together  with  a  gas  (butylene) 
which  bums  with  a  smoky  flame.  The  liquid  product  is  then  distilled  in 
the  oil-bath,  and  the  portion  which  passes  over  above  1 80°,  collected  apart 
and  again  rectified.  (Wurtz.)  —  2.  When  butylio  alcohol  containing 
water  is  treated  with  chloride  of  cyanogen,  the  first  portion  of  the  dis- 
tillate consists  of  carbonate  of  butyl,  which  may  be  purified  by  re- 
distilling, and  collecting  apart  the  portion  which  passes  over  between 
180°  and  190°.  (Humann.) 

Colourless  liquid,  lighter  than  water,  and  having  an  agreeable  odour 
like  that  of  carbonate  of  ethyl.     Boils  at  190°. 


9C 
9H 
30 


Wurtz. 

Hnmann. 

54     ....     6207     ... 

62-14 

61-53 

9    ....     10-34     ... 

10-49 

10-65 

24     ....     27-59     ... 

... .     27-37 

27-82 

C»irO,CO^...  87  ....  10000  100-00  100-00 
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Wurte  gives  the  formula  C^H^H)*  =  ^^^  1 0=  ^^!}o= 


J  \^  \.9 


Aqueous  ammonia  converts  carbonate  of  butjl  into  butjlic  alcohol 
and  butjlurethane.  (Humann.) 

CMH»o«  +  NIP  =  C«HW05  +  CWNH"0< 

butylic     bulylurethane. 
alcohol. 


Sulphate  of  Butyl.    c^h^o^SO'. 

WuRTZ,  N.Ann,  C/tim,  Phys,  42;  Ann.  Pharm,  93, 120. 

Butylic  Sulphate,  ScAwtfelbutester. — 

Formed  by  the  action  of  iodide  of  batyl  on  sulphate  of  silver  at  ordinary  tempe- 
ratures, but  soon  decomposed  by  the  heat  evolved  in  the  reaction  ;  the  mixture  blackens 
in  individual  places,  and  on  opening  the  vessel  the  odour  of  sulphurous  add  is  apparent. 
The  action  may  be  moderated  by  external  cooling,  but  the  sulphate  of  butyl  is  so 
instable  that  it  decomposes  in  the  course  of  a  day,  yielding  sulphurous  add,  a  coloured 
hydrocarbon,  and  a  peculiar  conjugated  acid  which  may  be  extracted  by  treating  the 
residue  with  water,  and  forms  with  baryta  a  salt  soluble  in  water  and  drying  up  in  vacuo 
to  a  gummy  mass.  (Wurtz.) 


Sulphobutylic  Acid. 

Wurtz.    N.  Ann.  Ghim.  Phys.  42,  161;  Ann.  Fharm.  93,  122. 

Butylomlphurie acid,  Butylatherschwefeh'dure. 

Formed  by  the  direct  action  of  sulphuric  acid  on  butylic  alcohol. 
May  be  isolated  by  decomposing  tlie  baryta-salt  with  sulphuric  acid,  but 
has  not  yet  been  examined  in  the  free  state. 

Potasfirsalt.  —  Strong  sulphuric  acid  is  added  to  an  equal  volume  of 
butylic  alcohol:  the  mixture,  after  24  hours,  diluted  with  twice  its  bulk 
of  water;  then  mixed  with  solid  carbonate  of  potash;  the  liquid  evapo- 
rated to  dryness  over  the  water-bath;  and  the  residue  exhausted  with 
boiling  alcohol.  As  the  filtrate  cools,  the  potash-salt  separates  in  broad 
laminse  with  a  mother-of-pearl  lustre.  The  salt  dissolves  readily  in 
water,  with  tolerable  facility  in  boiling  alcohol,  sparingly  in  cold  alcohol. 
The  concentrated  aqueous  solution  is  precipitated  by  alcohol.  The 
aqueous  solution  distilled  with  caustic  potash  yields  butylic  alcohol  and 
sulphate  of  potash. 


106  BUTYLENB:   PRIMARY  NUCLEUS   cm^ 

Wurtz. 


KO 47-2  ....  24-57     24-11     ...     24-53^ 

8  C 48-0  ....  24-97     24-82     ....     24-51 

9H    9-0  ....  4-68     4-94 

O    8-0  ....  4-16 

2  SO» 80-0  ....  41-62 

C8H9K02,2SO» 192-2     ....  100-00 

Baryta-BaU.  —  Sulphuric  acid  and  butjlic  alcohol  are  mixed  as  in  the 
preparation  of  the  potash-salt;  the  liquid  dilated  with  10  times  its  bulk 
of  water  (it  remains  almost  clear,  if  it  has  been  kept  cool  during  the 
mixing);  then  saturated  with  carbonate  of  baryta  suspended  in  water; 
and  the  solution  of  sulphobutylate  of  baryta  filtered  and  evaporated  in 
the  water-bath,  till  a  film  appears  on  the  surface.  As  the  liquid  cools, 
the  baryta-salt  separates  in  large  rhombic  laminse,  of  a  dazzling  whito 
colour  and  unctuous  to  the  touch.  The  crystals  dissolve  very  readily  in 
water;  at  100°  or  in  vacuo  they  give  off  2  At,  water. 


BaO 

Crystallized, 

78-6    .... 
48-0    .... 
11-0    .... 
240     .... 
80-0     ... 

32-02     ... 
20-01     ... 
4-58     ... 
10-00 
33-39 

Wurti, 

31-74 

20-18 

11  H  ... 

4-63 

3  0  ... 

2SOS 

C«H»BaO»,2S03  +  2Aq.  2416     ....  10000 

ZitM-goUt.  —  Prepared  like  the  preceding  salts.  By  evaporating  the 
aqueous  solution,  it  is  obtained  in  small  nacreous  crystals,  which,  under 
the  microscope,  present  the  appearance  of  six-sided  laminss;  they  are 
anhydrous,  and  dissolve  readily  in  water,  forming  a  solution  which  quickly 
effloresces.  (Wurtz.) 


CaO. 

8  C 

9  H 

O 

2S03  . 


WUrtz. 

28 

....     16-18     ... 

16-41 

48 

....     27-75 

9 

....       5-21 

8 

....       4-62 

80 

....     46-24 

C?»H»CaO»,2SO» 173    ....  10000 


Nitrate  of  Butyl.    C^H»N0«=C8H»0,N0*. 

Wurtz.    iT.  Ann.  Chim.  Phys,  42;  Ann,  Pharm,  93,  120. 
Butylic  NitruU^  Salpeierhttester, 

Formed  by  the  action  of  iodide  of  butyl  on  nitrate  of  silver,  with 
addition  of  urea  to  prevent  the  formation  of  nitrous  acid.  A  few  grammes 
of  pulverized  nitrate  of  silver  are  mixed  with  a  small  quantity  of  urea 
quite  recently  fused,  the  mixture  introduced  into  a  small  retort,  and 
treated  with  a  quantity  of  iodide  of  butyl  not  quite  sufficient  to  decom- 
pose the  nitrate  of  silver.  Violent  action  immediately  takes  place, 
attended  with  evolution  of  heat,  sufficient  to  cause  part  of  the  resulting 
butylic  nitrate  to  distil  over.     The  remainder  is  distilled  between  H(p 
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and  150°,  and  the  oolourless  distillate  washed  with  water  and  dehydrated 
over  cholride  of  calcium. 

Colourless  liquid  heavier  than  water;  tastes  sweet  at  first,  but  soon 
leaves  a  pungent  and  aromatic  after-taste.   Boils  at  about  130°.  (Wurtz.) 

Wurta. 

8C 48     ....     40-34     40-55 

3  H 9     ....       7*56     7-31 

N 14     ....     11-76 

6  0 48     ....     40-34 

C«H»0,NO»  119     ....  100-00 

WnrU  writes  the  formula  :     ^^^j  Qs. 

Nitrate  of  butyl  burns  with  a  pale  flame;  its  vapour  does  not  deto- 
nate. With  alcoholic  potash,  it  yields  batylic  alcohol  and  nitrate  of 
potash.     Sulphuretted  hydrogen  does  not  act  upon  it.  (Wurtz.) 


Acetate  of  Butyl.    C"H'>0*=C*H»o,C*H'0». 

Wurtz.    il^.  Ann.  Chinu  Phys,  42;  Ann.  Fharm,  93,  121. 
Butylic  Acetate f  Ettigbuteiter, 

Preparaiion,  1.  By  the  action  of  iodide  of  butyl  on  acetate  of  silver. 
The  two  salts  in  equivalent  quantities  are  enclosed  in  a  small  sealed  flask 
and  heated  for  several  hours  in  the  water- bath;  the  resulting  acetate  of 
butyl  separated  by  distillation;  and  the  distillate  washed  with  water 
containing  a  little  carbonate  of  soda,  dried  over  chloride  of  calcium  and 
rectified.  —  2.  By  distilling  equivalent  quantities  of  sulphobutylate  of 
baryta  and  recently  fused  acetate  of  potash. 

Pure  acetate  of  butyl   is  a  perfectly  colourless  ethereal   liquid,  of 

sp.  gr.  0*8845  at  IB''.     Has  a  very  agreeable   odour.     Boils  at  114"^ 

Vapour-density  =  4  073. 

Wurtz. 

12  C    72     ....     6206     ....     61-94 

12  H  12     ....     10-34     ....     10-4a 

4  O  32     ....     27-60     ....     27*64 

C?H>0,C*H«0» '..  116     ...  10000    ....  100-00 

C-Tapour  12    ....     4-9920 

H-gM 12    ....     0-8316 

O-gai 2     ....     2-2186 

Yap.  of  Butylio  acetate  2     ....     8*0422 

1      ...     4-0211 

This  compomid  may  also  be  represented  by  the  formula    q^,,^    >-  O^.     it  is  meta- 

meric  with  butyrate  of  ethyl  (p.  91)  formiate  of  amyl,  valerate  of  methyl,  and  caproic 
acid. 

Acetate  of  butyl  boiled  for  some  time  with  solution  of  potash,  yields 
butylio  alcohol  and  acetate  of  potash.  (Wurtz.) 
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Fomiate  of  Butyl,  C^^^H^W  =  C«fl^O,CTiO',  is  obtained  by  distilling 
equivalent  quantities  of  sulphobutylate  and  forraiato  of  potash.  It  is  an 
agreeably  smelling  liquid  wnicb  boils  at  about  100°.  (Wurtz  )   % 


Secondary  Nuclei  of  Butylene, 

a,   Oxygen-nudiL 
a,    Oxygen-nucleiis,    C®H*0'. 

Succinic  Acid.    c«H«0«=C«H«0S0«. 

Pott.     M&m,  de  VAcad,  des  Sciences  de  Berl,  1753,  51. 

Cartheuser.    Act,  Acad»  Mogunt.  \,  281. 

Stockar  de  Neuforn.     Diss,  de  Succino,  Lugd.  Bat.  1761. 

J.  G.  Leoshardi.     De  Saltb.  succineis.  Lips.  1775. 

Wenzel.     In  his  Lehre  vo7i  der  Verwandtschaft,  326. 

RicnTER.     Neuere  Gegenst.  8,  154. 

Berzelius.     Ann,  Chim,  94,  187. 

Lecanu  &  Serbat.     J,  Pliarm.  8,  541;  also  Aim  Chim,  Fhy$,  21,  328; 

also  N.  Tr.  8,  1,  280.  —  J,  Pharm,  9,  89;  also  N,  Tr,  7,  2,  98. 
Liebio  &  WoiiLER.     Pogg,  18,  162. 
Felix  d'Akcet.     Ann,  Chim.  Phys,  5^,  282;  also  Pogg,  36,  80;  also 

J.pr.  Clum,  3,  212. 
DoPPiNG.     Ann,  Pluxrm.  47,  253. 
Fehlikg.     Ann,  Phai^m,  49,  154. 

Bemsteinedure,  flUchiiffes  Bemsteinsalz,  Acide  Succinique. — Volatile  salt  of  amber 
was  mentioned  by  Agricola  as  early  as  1G57 ;  its  acid  natare  was  first  recognized  by 
Barchhusen,  BouldUc  and  Boerhaye. 

Sources.  1.  In  amber.  That  it  exists  ready  formed  in  that  sub- 
stance  has  been  shown  by  Gehlen,  who  obtained  a  portion  of  the  acid 
merely  by  boiling  amber-powder  with  water; — by  Funcke  {Br,  Arch. 
7,  181),  who  found  that  the  tincture  obtained  with  10  pts.  amber 
and  50  pts.  alcohol  requires  10  pts.  of  carbonate  of  potash  to  neutralize 
its  acid  reaction;  and  when  evaporated  with  water,  yields,  with  sepa- 
ration of  resin,  an  aqueous  solution  of  succinate  of  potash,  whereas  tho 
part  of  the  resin  which  is  not  dissolved  by  the  alcohol  yields,  when 
sublimed  with  sulphuric  acid,  only  a  trace  of  succinic  acid; — and  by 
Berzelius  (Pogg,  12,  419),  who  extracted  the  acid  from  amber  with 
ether.  —  2.  In  li^ite  from  Muskau  (Rabenhorst);  in  retinasphalt,  and 
to  the  amount  of  ^  p.  c.  in  tho  empyrenmatic  oil  obtained  by  distilling 
the  lignite  of  Naumburg,  Altenburg,  or  Camburg,  which  contains  retin- 
asphalt. (Cerutti,  N,  Br,  Arch.  22,  286).  —  3.  In  turpentine;  Scapoli 
(Orell.  Ann.  1788,  2,  102)  remarked  that,  in  the  distillation  of  turpen- 
tine, an  acid  liquid  is  obtained,  which  contains  a  crystallizable  acid, 
together  with  acetic  acid.  Marabelli  found  this  acid  to  be  very  much 
like  succinic  acid;  Morctti  (Bull.  Pharm,  3,  399)  found  it  to  resemble 
acetic  acid;  Paolo  Sangiorgio  (J.  Pkarm.  8,  572)  first  declared  this  acid 
to  be  really  succinic  acid,  a  statement  which  was  fully  confirmed  in  1822 
by  Lecanu  &  Serbat.     According  to  the  latter,  this  acid  is  deposited  in 
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tlie  i)<^ck  of  tbe  retort  in  the  distillation  of  turpentine,  after  the  greater 
part  of  the  oil  has  passed  over,  first  in  colourless  crystals,  afterwards  in 
crystals  coloured  brown  by  resin.     Peretti  {Mag.  Pharm,  4,  62)   also 
found  this  acid  in  turpentine;  Gumbrecht  {Br,  Arch.  14,  16S)  found  it 
in  oil  of  turpentine;  but  Fuiicke  {Br,  Arch,  15,  173)  did  not  succeed  in 
obtaining  it  by  the  distillation  of  turpentine.  —  4.  According  to  a  state- 
ment of  Beissenhirtz,  confirmed  by  John  {Berl,  Jahrh,  1818,  158),  suc- 
cinic acid  is  likewise  obtained   by  the  following  process:   A  mixture 
of  li  lb.  honey,   2  lb.  bread,  1^  lb.  Siliqua  didcis,  6  lb.  vinegar,  6  lb. 
brandy,  and  84  lb.  water,  is  left  to   nndergo    the   acetous    fermenta- 
tion;  the  resulting  a^>etic  acid  neutralised  with  lime;  and  the  acetate 
of    lime    distilled  with  -^  peroxide  of  manganese,  -|  oil  of  vitriol, 
and  -^  water;  after  the  acetic  acid  has  passed  over,  and  the  heat  has 
been  increased,  2  drachms  of  succinic  acid  sublime.     In  this  case  it  is 
not  positively  known  whether  the  succinic  acid  is  an  educt  or  a  product; 
in  Siliqua  dulds  John  did  not  find  a  trace  of  that  acid.  —  Pllimacher 
{Schto,  63,  369)  did  not  succeed  in  obtaining  succinic  acid  by  Beissen- 
hirtz's  method.  —  5.  In  the  herb  of  Lactuca  sativa  and  virosa  (Kohnke, 
N,   Br,   Arch.  39,   153).  —  6.   In   the  herb    of  Artemisia  Ahsinfhium 
(Zwenger,  Ann,  Pharm,  48,  122).     Luck  {Ann,  Pharm,  54, 112)  regards 
this  easily  crystallizable  acid,  which  occurs  in  small  quantity  in  worm- 
wood, as  different  from  succinic  acid.  —  Perhaps  also  the  acid  obtained 
by  Kahler  {Br,  Arch,  25,  218)  from  Semen  Cynoe  is  succinic  acid. — 
7.  The  mulberry-wood  acid  describpd  by  Klaproth  {Scher.  J.  10,  3;  also 
KlaprotKs  Beitraffe,  3,  114),  which  sometimes  exudes  in  combination 
with  lime,  from  the  stem  of  the  Morns  alba,  is  probably  nothing  but 
succinic  acid.     It  crystallizes  in  needles  having   the  taste  of  succinic 
acid,  and  may  be  subliuied,  with  but  slight  decomposition,  in  transparent 
colourless  needles.     It  dissolves  readily  in  water  and  alcohol.     In  the 
free  state,  it  does  not  precipitate  any  metallic  salt,  but  in  combination 
with  an  alkali,  it  precipitates  the  salts  of  oxide  of  lead,  sesquioxide  of 
iron,  protoxide  of  cobalt,  oxide  of  nickel,  dioxide  of  mercury,  protoxide 
of  copper,  and  oxide  of  silver.  (Klaproth. ^  —  Similar  results  have  been 
obtained   by  Lauderer.    {Repei%    67,   100).  —  Another  exudation  from 
Morus  alba,  examined  by  Rouchas  (J.  scienc.  phys,  3,  303),  exhibited 
different  properties.  —  8.  According  to  Vorwerk   {Jalirb,  pr,  Pharm, 
19,  265),  the  black  carbonaceous  matter  formed  in  the  preparation  of 
ether  contains  succinic  acid.  —  9.  Heintz  {Pogg,  80,  114)  found  succinic 
acid  in  the  sacs  of  echinococci  (hydatids)  formed  in  the  liver  of  a  woman. 

Pormaiion,  1 .  In  the  oxidation  of  organic  compounds  by  exposure 
to  the  air.  —  An  acid  resembling  succinic  acid  was  found  in  a  sample  of 
the  volatile  oil  of  Cuminum  Cyminum  which  had  become  sour.  (Cheval- 
licr,  J.  Chim,m^d,  4,  18.)  —  2.  In  the  oxidation  of  organic  compounds 
by  nitric  acid.  —  Chevreul  {EechercheSy  28),  by  continued  boiling  of 
stearic  acid,  margaric  acid,  stearin,  spermaceti,  or  ethal,  with  largo 
quantities  of  nitric  acid,  obtained  an  acid  resembling  succinic  acid,  and 
by  similar  treatment  of  oleic  acid,  an  acid  of  somewhat  different  pro- 
perties. More  recently,  Bromeis  {Aiin,  Phai'^n,  35,  90)  has  shown  that 
stearic  acid  thus  treated  really  yields  succinic  acid.  This  acid  was  like- 
wise obtained  by  Sthnmer,  Radcliff,  Ronalds,  and  Sacc,  {Ann,  Pharm, 
43,  346,  349  and  356;  51,  229,)  by  the  action  of  nitric  acid  on  Japan 
wax,  spermaceti,  beeswax,  and  margaric  acid.  By  boiling  concentrated 
liitric  acid  with  santonin,  Heldt  {Ann,  Pliarm,  63,  40)  obtained  needles 
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of  succinic  acid.  By  distilling  1  pt.  of  starch  with  6  pts.  of  nitric  acid 
of  sp.  gr.  1  '295,  till  the  residue  became  charred.  Tiinnermann  (Sckw, 
49,  221)  obtained  a  sublimate  of  soft  yellow  crystals  in  the  neck  of  the 
retort,  and  a  watery  distillate,  from  which  an  acid  was  prepared  agreeing 
with  succinic  acid  in  every  respect,  excepting  that  [on  account  of  impu- 
rities?] it  was  somewhat  more  soluble  in  water. —  If.  Butyric  acid 
heated  for  10  days  with  an  equal  yolume  of  nitric  acid  of  sp.  gr.  1*40, 
the  vapours  being  condensed  and  made  to  flow  back,  and  the  nitric  acid 
renewed  from  time  to  time,  yields  a  crystalline  residue  of  succinic  acid, 
contaminated  with  a  deliquescent  substance  which  may  be  remoyed  by 
pressure  between  bibulous  paper  (Dessaignes,  Compt,  r€nd.  30,  50).  — 
Caprylic  alcohol,  heated  for  some  time  with  dilute  nitric  acid^  yields 
succinic  acid,  together  with  pimelic,  lipic,  and  butyric  acids.  (Bouis, 
Compt,  rend,  33,  141.)  IT.  —  3.  In  the  putrefaction  of  vegetable  juices 
containing  asparagin,  succinate  of  ammonia  is  formed,  (riria,  Conipt, 
rend,  19,  576.)  —  Also  in  the  putrefaction  of  malate  of  lime  under  water. 
(Dessaignes,  ff,  Ann,  Chim.  Fhys,  25,  253;  also  N.  J,  PJutrm.  15,  264; 
also  J,  pr»  Chem,  46,  350;  Liebig^  Ann,  Fharm,  70,  104;  Bles.  Arch, 
Fharm,  [2],  62,  13;  Grager,  Arck,  Fharm,  [2],  63,  137.)  — f.  Neutral 
and  acid  malate  of  lime,  malate  of  potash,  aspartate  of  potash,  aspartate 
of  lime,  maleate  of  lime,  and  aconitate  of  lime,  are  all  converted  into  suc- 
cinates by  the  fermentation  induced  by  casein.  Asparagin  under  the 
same  circumstances  is  converted  into  aspartate  of  ammonia,  which  sub- 
sequently passes  into  succinate.  —  The  peculiar  substance  in  the  seed  of 
leguminous  plants,  which  is  converted  into  asparagin  during  germination, 
is  also  capable  of  passing  into  asparagin  by  fermentation.  When  pea- 
flour  is  stirred  up  with  water,  the  liquid  filtered  after  12  hours,  and  left 
to  ferment  after  being  mixed  with  chalk,  a  considerable  quantity  of  suc- 
cinate of  lime  is  formed.  The  same  result  is  obtained  by  the  fermenta- 
tion of  legumin  alone,  of  the  liquid  separated  from  the  legumin,  and  of 
the  nitrogenous  substance  discovered  by  Braconnot  in  leguminoste,  which 
precipitates  tannin.  Succinic  acid  is  likewise  obtained  by  the  fermentation 
of  an  emulsion  of  sweet  almonds,  freed  from  oil  and  mixed  with  chalk. 
(Dessaignes,  Compt,  rend,  30,  50.)  Several  other  seeds  treated  in  a  similar 
manner  also  yield  succinic  acid.  The  bruised  seeds  are  stirred  up  with 
water,  the  filtered  liquid  mixed  with  chalk,  and  left  to  ferment  at  25°  to 
35"^.  When  the  fermentation  is  complete  (in  6  or  7  days),  the  lime  is 
precipitated  by  carbonate  of  soda,  the  filtrate  mixed  with  excess  of 
hydrochloric  acid  and  evaporated  in  the  water- bath,  the  residue  treated 
with  boiling  ether,  and  the  substance  left  on  evaporating  the  ethereal 
solution  examined  for  succinic  acid.  Oats,  maize,  hemp,  mustard,  and 
gourd -seed,  treated  in  this  manner,  yielded  no  snccinic  acid;  walnuts 
and  buckwheat,  traces;  hazel- nuts  and  acorns  (after  removal  of  the 
tannic  acid  by  lime)  yielded  considerable  quantities.  (Dessaignes,  iV.  J, 
Fliarm,  25,  27.)  Perfectly  pure  maleate  of  lime  also  yields  succinic 
acid  when  fermented  with  casein.  (Dessaignes.)  %, 

Freparation.  A.  From  Amber,  a.  £y  distillation  of  Amber  per  se. 
The  amber  is  heated  to  the  melting  point  in  a  distillatory  apparatus,  till 
the  intumescence  and  evolution  of  acid  cease,  and  a  thick  brown  oil 
begins  to  pass  over.  The  residue,  consisting  of  Colophonium  Succini,  is 
used  for  varnishes.  The  acid  collects  in  the  crystalline  form  in  the  neck 
of  the  retort  and  in  the  receiver,  and  in  small  quantity  in  the  watery  dis- 
tillate which  must  be  separated  from  the  oil  and  evaporated.     The 
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saccinic  acid  thus  obtained  amounts  to  about  -^  of  tbe  amber.  —  The 
quantity  obtained  is  greater  in  glass  than  in  iron  vessels.  (Funcke.) 

5.  Bjf  DUtiUation  with  dilute  Sulphuric  acid,  —  1  pt.  of  crude  amber- 
powder  is  moistened  with  i  to  ^  oil  of  vitriol  diluted  with  1  to  3 
times  its  bulk  of  water,  and  the  process  conducted  as  in  a.  Bj  this 
treatment,  1  pt.  of  amber  yields  about  ^  of  succinic  acid.  (Pott,  CrelL  N» 
Archiv.  5,  177;  Bath,  Bermbstadt  Museum,  4,  253;  J.  A.  Buchner, 
Rfpert.  1,  300;  Ilisch,  Scher,  Ann,  6,  186;  Funcke,  Br,  ArcJi,  7,  181; 
Weiss,  Toichenb.  1826,  37.) 

e.  By  hailing  Amher  with  Nitric  acid.  —  Coarsely  pounded  amber  is 
heated  in  a  retort  with  an  equal  quantity  of  dilute  nitric  acid,  till  the 
yellow  yiscid  resinous  mass  which  at  first  rises  to  the  top  has  disap* 
peared;  the  clear  liquid  is  then  evaporated  to  a  syrup;  this  syrup 
repeatedly  boiled  with  fresh,  and  at  last  with  concentrated  nitric  acid, 
to  decompose  the  remainder  of  the  resin;  the  resulting  syrup  left  in  the 
cold  for  a  few  weeks,  till  it  has  become  crystalline;  and  the  crystals 
drained  on  a  funnel  from  the  mother-liquor,  which,  when  evaporated  with 
strong  nitric  acid,  again  yields  crystals  and  a  second  mother-liquid,  from 
which,  by  renewed  treatment  with  nitric  acid,  an  additional  quantity  of 
crystals  may  be  obtained.  Lastly,  the  whole  of  the  crystals  collected  on 
the  funnel  are  boiled  with  strong  nitric  acid,  whereby  a  solution  is 
obtained,  which,  on  cooling  yields  white  crystalline  succinic  acid  amount- 
ing to  -^  of  the  amber.  Nevertheless  this  method  is  not  advantageous, 
as  it  requires  a  large  quantity  of  nitric  acid,  and  does  not  yield  any 
Colophtmium  Succini,  From  the  distillate  obtained  by  heating  amber 
with  nitric  acid,  after  the  acid  has  been  neutralized  with  potash,  ether 
extracts  a  white  crystalline  matter,  which  exhibits  all  the  characters  of 
ordinary  camphor.  (Dopping,  Ann,  Fharm.  49,  350.) 

Purification  of  iltie  acid  obtained  6y  a  or  b.  —  The  acid  may  be  freed 
from  the  greater  part  of  the  empyreumatic  oil  by  pressure  between 
paper,  solution  in  hot  water,  filtering  through  moistened  paper,  and 
crystallization.  —  To  remove  the  last  portions  of  oil  and  brown  colouring 
matter,  it  is  best  to  boil  the  product  with  nitric  acid,  which  does  not 
exert  any  decomposing  action  upon  succinic  acid.  (Morveau,  Lecanu  8c 
Serbat;  Dopping.)  —  When  1  pt.  of  still  brown  and  oily  succinic  acid  is 
boiled  for  half  an  hour  in  a  retort  fitted  with  a  receiver  (because  a  little 
of  the  saccinic  acid  distils  over),  with  4  pts.  of  commercial  aoua  fartis  — 
whereupon  only  a  small  quantity  of  nitrous  fumes  is  evolved  at  the 
beginning,  arising  from  decomposition  of  the  oil  —  and  the  liquid  poured 
into  a  basin  while  still  hot,  the  succinic  acid,  being  but  slightly  insoluble 
in  nitric  acid,  crystallizes  out  almost  completely  as  the  liauid  cools,  and 
moreover  in  white  inodorous  crystals,  which  may  be  freed  from  the  nitric 
acid  by  recrystallization  from  water,  and  are  then  perfectly  pure.  The 
nitric  acid  mother-liquor  does  not  contain  oxalic  acid.  (Dopping.) 
Fehling  subjects  the  acid  thus  purified  to  a  further  crystallization  from 
alcohol,  whereby  the  musk-like  odour  is  destroyed. 

Less  satisfactory  modes  of  purification, —  1.  The  succinic  acid  is  sus- 
pended in  water;  chlorine  gas  passed  through  for  some  hours;  the  liquid 
which  has  now  become  inodorous,  evaporated  to  the  crystallizing  point; 
and  the  crystals  freed  from  hydrochloric  acid  by  recrystallization  from 
water.  (Liebig  &  Wohler,  Fogy,  18,  1G3.)  —  When  the  aqueous  solntion 
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of  succinic  acid  is  saturated  with  cblorinc  ji^as,  then  left  for  24  hours  in  a 
close  Tesscl,  and  afterwards  filtered  and  evaporated^  it  emits  a  musk-like 
odour,  and  yields  pale  3'ellow  crystals,  which  cannot  bo  obtained  quite 
colourless,  either  by  recrystallization  or  by  subsequent  treatment  with 
chlorine,  but  only  by  boiling  with  nitric  acid.  (Dopping.)  —  Tunnermann 
(Schw,  51,  4G9)  boils  1  pt.  of  succinic  acid  with  1  pt.  of  manganese, 
3  pts.  of  strong  hydrochloric  acid,  and  1}  pt:  water,  filters  hot,  and 
purifies  the  resulting  crystals  by  recrystallization  from  water.  This 
acid  when  sublimed  does  not  exhibit  the  slightest  odour  of  burnt  amber. 
[Is  it  also  colourlfss  ?]  —  2.  Morveau  recommends  the  sublimation  of  the 
acid  mixed  with  sand,  which  however  does  not  remove  the  oil.  — 
3.  Lowitz  recommended  the  digestion  of  the  aqueous  acid  with  charcoal 
powder.  —  This  treatment  certainly  decolorizes  the  acid,  but  docs  not 
free  it  from  oil.  (Berzelius.)  Wood -charcoar  does  not  decolorize  the 
acid  but  absorbs  a  largo  quantity  of  it,  which  can  only  be  recovered  by 
long  continued  washing.  (Dopping.)  —  A  mode  of  purification  by  crys- 
tallization from  water,  then  by  treatment  with  wood-charcoal,  then  by 
evaporation  with  a  small  quantity  of  nitric  acid,  then  by  passing  chlorine 
through  the  filtered  solution,-  is  recommended  by  Werner  (J.  pr,  Chem. 
14,  246.)  — 4.  Berzelius  {Leiirh.)  neutralizes  the  acid  with  carbonate  of 
potash  not  in  excess;  boils  the  liquid  with  a  small  quantity  of  the 
charcoal  obtained  in  the  preparation  of  prussian  blue;  precipitates  the 
filtrate  with  neutral  acetate  of  lead;  washes  the  precipitate  well  with 
water,  which  however  dissolves  a  little  of  the  succinate  nf  lead;  and 
decomposes  10  pts.  of  the  dried  precipitate  with  a  mixture  of  2  pts.  oil 
of  vitriol  and  30  pts.  water. 

B.  From  Stearic  acid  and  otfier  fatty  matters  ly  oxidation  foiUi 
nitric  acid.  —  1  pt.  of  stearic  acid,  margaric  acid,  stearin,  spermaceti,  or 
ethal,  is  distilled  with  100  pts«  of  nitric  acid  of  32°  Bm.,  with  frequent 
cohobation,  till  the  distillate  forms  a  clear  solution  with  the  residue;  this 
solution  evaporated  in  a  basin;  the  jyellowish,  tenacious  crystalline 
residue  set  aside  with  26  pts.  of  cold  water  for  24  hours;  then  evapo- 
rated; and  the  resulting  crystals  separated  from  the  mother  liquor. 
(Chevreul,  Becherclies,  28.)  —  2.  Stearic  acid  is  distilled  with  nitric  acid, 
the  liquid  being  frequently  cohobated  and  the  acid  renewed,  till  the  whole 
is  dissolved;  the  solution  evaporated  to  half  its  bulk;  the  solidified 
suberic  acid  freed  after  24  hours  from  the  mother-liquor,  by  washing  on 
a  funnel;  and  the  mother  liquor  evaporated  and  cooled,  whereupon  it 
yields  crystals  of  succinic  acid,  which  may  be  freed  from  the  greater  part 
of  the  still  adhering  and  less  soluble  suberic  acid,  by  washing  with  water, 
and  from  the  remainder  by  washing  with  3  pts.  of  cold  alcohol  or  4  pts. 
of  boiling  ether,  which  dissolves  but  a  very  small  quantity  of  succinic 
acid.  Finally,  the  succinic  acid  is  crystallized  once  more  from  water. 
This  treatment  does  not,  however,  remove  the  whole  of  the  suberic  acid. 
Hence  the  succinic  acid  thus  obtained  crystallizes,  not  only  in  tables,  but 
also  in  heavy,  white,  solid  granules;  melts,  after  drying  at  100°,  as  low 
as  170°  to  175°;  and  exhibits  less  definite  reactions.  It  is  only  by  subli- 
mation that  succinic  acid  can  be  completely  freed  from  suberic  acid, 
which  is  lees  volatile,  and  cannot  be  sublimed  without  decomposition.  -— 
Hence  the  crude  solution  of  stearic  acid  in  nitric  acid,  may  bo  evapo- 
rated as  far  as  possible,  at  a  moderate  heat;  mixed  with  water  of  20°  to 
30°,  and  set  aside;  separated  from  the  oil  thus  set  free,  which  had  pre- 
viously been  held  in  solution  by  the  nittio  acid;  again  evaporated  as  far 
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as  possible;  again  mixed  with  lakewarm  water,  and  separated  from  a 
stnul  remaining  (quantity  of  oil;  then  evaporated  at  a  gentle  heat  till  it 
begins  to  crystiEdlize^  and  subsequently  cooled;  the  resulting  white,  solid, 
granular  mass,  pressed  between  paper,  thoroughly  dried,  and  gently 
heated  in  a  long-neoked  flask  placed  in  a  sand-bath;  and  the  succinic 
acid  which  then  sublimes  in  delicate  feathery  crystals,  purified  by  a 
second  sublimation.  The  acid  thus  obtained  is  very  pure,  and  crystal- 
lizes from  water,  no  longer  in  round  granules,  but  in  large  tables. 
(Bromeis,  Ann.  Pharm.  35,  90,  37,  292.)  —  Japan-wax  merely  requires 
to  be  distilled  for  a  few  weeks  with  nitric  acid,  with  cohobation  and 
frequent  addition  of  fresh  acid,  in  order  to  yield,  when  the  solution  is 
evaporated  and  cooled,  transparent,  colourless  tables  of  pure  succinic 
acid.  (Sthamer,  Ann.  Pharm.  43,  346.)  —  When  spermaceti  is  heated  for 
several  days  with  nitric  acid  of  medium  strength,  to  a  temperature  short 
of  the  boiling  point,  the  resulting  solution  yields  by  evaporation  and 
cooling,  crystals  of  succinic  acid,  which  must  be  purified  by  recrystal- 
lization,  first  from  nitric  acid,  then  from  water.  The  mother-liquor  of 
the  first  crop  of  crystals  yields  an  additional  quantity  by  evaporation  and 
cooling;  but  the  last  portions  are  contaminated  with  a  white  substance, 
which  appears  to  be  pimelic  acid,  and  is  greater  in  quantity  the  longer 
the  digestion  with  nitric  acid  has  been  continued.  (Radcliff,  Ann.  Pharm. 
43,  349.) — Prom  white  beeswax,  Ronalds  {Ann.  Pharm.  43,  356,) 
obtained  by  the  same  process,  transparent  laminin  of  succinic  acid. 

C.  By  the  fermeiUaUon  of  Malate  of  Lime.  —  12  pts.  of  crude  malate 
of  lime,  prepared  by  Liebig's  process,  (vid.  Malic  acid,)  from  the  juice 
of  mountain-ash  berries,  are  placed,  after  being  three  times  washed  in  an 
earthen  jar,  together  with  40  pts.  water  and  1  pt.  of  decayed  cheese 
rubbed  to  an  emulsion  with  water,  and  the  mixture  set  aside  for  4  to  6 
days,  at  a  temperature  of  30°  to  40^  till  the  evolution  of  gasi  has  ceased. 
The  granular  precipitate  is  then  collected  upon  linen,  washed  several 
times  with  water,  and  mixed  with  dilute  sulphuric  acid  till  it  no  longer 
effervesces  (from  admixed  carbonate  of  lime);  another  equal  quantity  of 
sulphuric  acid  is  then  added;  the  mixture  boiled  for  awhile,  till  the  lime- 
salt  is  no  longer  granular;  tbe  liquid  strained  through  linen;  the  preci- 
pitate on  the  filter  thoroughly  washed;  the  whole  of  the  liquid  evapo- 
rated till  a  crystalline  crust  forms  on  the  surface;  oil  of  vitriol  then  added 
in  small  quantities,  as  long  as  sulphate  of  lime  is  thereby  precipitated; 
the  liquid  strained  off  (after  dilution  with  water,  if  the  gypsum  forms  a 
paste);  the  precipitate  washed;  and  the  whole  of  the  liquid  again  evapo- 
rated :  it  then  yields  on  cooling,  brownish  crystals  of  succinic  acid,  still 
contaminated  with  gypsum.  These  crystals  are  recrystallized,  first  from 
pure  water,  then  from  water  after  boiling  with  a  small  quantity  of  animal 
charcoal,  and  ultimately  freed  from  all  the  gypsum  by  solution  in  alcohol 
or  by  sublimation.  By  this  process,  1 2  pts.  of  malate  of  lime  yield  from 
3'75  to  4  pts  of  pure  crystallized  succinic  acid :  the  mother- liquors  do 
not  retain  a  trace  of  malic  acid.  (Liebig,  Ann.  Pharm.  70,  104.) 

Properties.  The  acid  crystallized  from  water  assumes  the  form  of 
transparent  colourless  prisms  belonging  to  the  oblique  prismatic  (mono- 
clinometric)  system.  Fig.  92,  often  with  /-faces  (formed  by  truncation  of 
the  acute  terminal  edges;  by  enlargement  of  the  m -faces,  the  prisms 
appear  like  rhombic  and  six-sided  tables.  (Wackenroder,  J.  pr.  Ckem. 
23,  204.)  Sp.  gr.  =:  1-55.  (Richter.)     The  acid  melts  at  180%  boils  at 
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235""  (D'Arcet),  and  eyaporates  without  residue  in  while  pnngent 
vapours.  It  reddens  litmus,  but  not  violet-juice.  It  is  inodorous^  and 
has  a  warm  sour  taste. 

CrystaUized.                   D'Aroet.          Zwerger.  Piria.  Bromeis. 

8C 48     ....     40-68  41-22     40*62  40-34     41-98 

6H 6     ....       509  5-33     5  28  522     5-37 

8  0 64     ....     54-23  5345     5410  54-44     52-65 

C«H*08     118     ...  10000    lOO'OO     10000     10000    100*00 

Sthamer.  Radcliff.           Ronalds.         Desiaignet.     Strecker. 

C  40-80     40-89     41-06     40*88     40-3 

H 515     5-20     512     525     51 

O 5405     53-91     53*82     53-87     546 

100*00     100*00     10000     10000    100-0 

The  radical-theory  assumes  S-^C^HSO^.  — D'Arcet  analysed  the  add  obtained 
from  amber;  Zwerger,  that  fromwormvood;  Piria,  (AT.  Ann,  Chim.Pkyt.  22,  167)  that 
from  a  fermented  solution  of  impure  asparagin;  Bromeis,  that  from  stearic  add; 
Sthamer,  that  from  Japan  wax ;  Radcliff,  that  from  spermaceti ;  Ronalds,  that  from 
beeswax ;  and  Dessaignes  and  Strecker,  that  from  malate  of  lime.  The  crystals  were  in 
most  cases  freed  from  hygroscopic  water  at  100*. 

DecomposUiom.  1.  The  acid  heated  till  it  volatilises^  suhlimes, 
with  evolution  of  water,  in  colourless  silky  needles  of  sublimed  succinic 
acid^  which  may  be  regarded  as  CH'O^,  and  by  repeated  sublimation,  is 
converted,  with  further  formation  of  water,  into  succinic  anhydride. 
(D'Arcet.) 

C8H«08  «  C8HH)«  +  2HO. 

The  sublimation  takes  place  even  at  1 40**,  though  very  slowly;  the 
residual  portion  exhibits  the  unaltered  constitution  of  C'H*0®,  whereas 
the  sublimed  portion  =  C«^H»0'.  (D'Arcet.) 

The  stUflimed  ocidmeltB  at  160^,  and  boils  at  242^  but  begins  to 
sublime  even  at  140''.  Its  solution  in  water  again  yields  crystals  of  the 
ordinary  acid  C^H'O*.  (D'Arcet.)  [According  to  the  following  analyses,  the- 
sublimed  acid  is  C^H^O^;  bat  dnce  by  10  sublimations  it  is  gradually  but  com- 
pietely  converted  into  C^K*0^,  it  should  perhaps  be  regarded,  not  as  a  distinct  com- 
pound, but  merdy  as  a  mixture  of  C»HH)«  with  C^H^O^.j 

Sublimed  acid.  D*Arcet.        Liebig  &  Wohler. 

8  C    48     ....  4404  44*11  44*38 

5H  5     ....  4-59  4-83  5-00 

7  O  56     ....  61*37  5106  5062 


C?H*07 109     ....  lOO'OO     10000    100-00 

2.  Succinic  acid,  set  on  fire  by  a  flaming  body,  burns  with  a  pale  blue 
flame.  (Gm.)  —  3.  On  heated  nitre  it  deflagrates  with  a  white  flame. 
(Morveau.)  —  4.  Distilled  with  2  pts.  of  sulphuric  acid  and  3  pts.  of 
manganese,  it  yields  acetic  acid.  (Trommsdorff".)  —  5.  Heated  with 
excess  of  caustic  potash,  it  yields  oxalate  of  potash,  but  no  mellitate. 
(Liebig  &  Wohler.)  [Perhaps  in  this  manner  : 

C8HH)8  +  4KO  +  4HO  =  2C«IP0«  +  lOH.] 

It  is  not  decomposed  by  chlorine  gas,  when  sublimed  therein,  or 
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when  tbe  gM  is  passed  throngh  its  aqueous  solution,  even  if  the  solution 
is  hot.  (Liebig  &  W&hler.) — It  is  not  decomposed  by  boiling  with 
strong  nitric  acid  (Morveau,  Westrumb,  and  others),  or  by  chlorate  of 
potash  and  hydrochloric  acid  (Fehling),  not  even  by  aqueous  chromic 
acid.  (Winckler,  Repert.  46,  466.) — For  the  deoomposilioa  of  the  lime-salt  by 
heftt,  and  of  tbe  siWer-salt  by  chlorine,  aee  these  salts.  —  IT  The  hydrated  acid 
treated  with  pentachloride  of  phosphorus  yields  anhydrous  succinic  acid, 
hydrochloric  acid^  and  oxychloride  of  phosphorus  : 

C8H«08  +  PC1«  «  C«H*0»  +  P08Cl>  +  2HC1. 
(Oerhardt  &  Chiozza,  Compt.  rend,  36,  1050;  Ann.  Fharm.  87,  290; 
Jahretber.  1853,  303.) 

Ccmbinalums.  The  acid  dissolves  in  24  pts.  of  cold,  and  2  pts.  of 
boiling  water  (Nenfom),  in  5  pts.  of  water  at  16°  and  in  2'2  pts.  of 
boiling  water.  (Lecanu  &  Serbat.)  A  solution  having  a  density  of  I'Ol, 
contains  2 '78  p.  c,  and  that  of  sp.  gr.  1*04,  contains  10*82  p.  c.  acid. 
(Richter.) 

The  neutral  Succinates^  formed  from  metallic  oxides  containing  1  At. 
metal  and  1  At.  oxygen,  have  the  formula  C'H^M'O^  (according  to  the 
radical  theory,  MO,C*H'0'),  and  the  few  acid  salts,  which  can  be  formed, 
have  the  formula,  C«H»MO«  (or  MO,C*H»0*  +  C*H»0*).  The  salts  yield 
by  dry  distillation,  carbonic  acid  and  carburetted  hydrogen  gas,  water, 
acetic  acid,  and  empyreumatic  oil.  (Morveau;  see  especially  the  lime-salt.) 
According  to  Buchner,  (Ann,  Fharm.  88,  203,)  the  alkaline  succinates, 
under  the  influence  of  a  ferment,  yield,  at  a  certain  stage  of  the  decom- 
piwition,  acetic  and  butyric  acids.  —  Most  succinates  are  soluble  in  water; 
those  which  are  insoluble  in  water,  dissolve  in  aqueous  acetate  of  potash, 
so  that  succinate  of  potash  mixed  with  acetate  does  not  precipitate  any 
heavy  metallic  salt.  (Lecanu  &  Serbat.) 

Succinate  of  Ammonia.  —  a.  Neutral.  —  Occurs,  contaminated  with 
empyreumatic  oil,  in  Lxquor  Comu  Cervi  succiiiatus,  —  To  prepare  this 
salt,  the  acid  is  dissolved  in  excess  of  aqueous  ammonia,  and  the  solu- 
tion evaporated  to  the  crystallizing  point  over  lime,  within  a  receiver 
containing  air.  (Dopping.) — Since,  even  by  this  process,  a  portion  of  the  ammonia 
is  lost,  and  an  add  salt  formed,  it  is  better  to  precipitate  subacetate  of  lead  with 
excess  of  neatral  succinate  of  ammonia,  evaporate  the  filtrate  in  vacuo  over  oil  of 
'vitriol,  wash  the  crystalline  mass  with  a  small  quantity  of  cold  water,  as  soon  as  the 
greater  part  of  it  has  separated  out,  press  between  paper^  and  dry  under  50^.  (Fehling.) 
[If  the  acetate  of  ammonia  protects  the  succinic  acid  from  loss  of  ammonia,  it  would 
be  simpler  to  mix  the  solutions  of  the  two  salts  and  evaporate.]     Transparent,   six- 

sided  prisms,  having  a  slight  acid  reaction,  (Dopping,)  perfectly  neutral. 
(Fehling.)  When  exposed  to  tbe  air,  they  continually  give  off  ammonia, 
but  without  efiiorescing.  (Dopping.)  When  heated,  they  at  first  give 
off  ammonia  and  water,  and  the  acid  salt,  C^NH'O^  which  then  remains, 
is  resolved  into  bisuccinamide,  (C®NH*0*,)  which  sublimes  together  with 
a  small  quantity  of  water,  and  4H0.  (Fehling).  The  salt  dissolves 
readily  in  water  and  alcohol;  its  aqueous  solution  takes  up  a  large  quan- 
tity of  chloroplatinate  of  ammonium  or  potassium,  aud  consequently 
the  ammonia  is  but  imperfectly  precipitated  from  it  by  bichloride  of  pla- 
tinum. (Dopping  )  The  aqueous  solution  exposed  to  the  air  for  half  a 
year,  yields  a  black  precipitate  and  becomes  alkaline.  (Horst,  Br, 
Arch,  1,  257.) 
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8C 

Ciyttallized, 

48     .. 

..     31-58     ... 

..     18-42     ... 

7-90    ... 

.     42-10     ... 

Doppingf. 

31-71     

18-50 

7-85     

41-94 

Pehling. 
...     31-94 

2N 

28     .. 

12  H 

12     .. 

...       7-92 

8  O 

64    ■.. 

C8H*(NH<)20* 152     ....  100-00     100-00 

5.  Acid  Salt.  —  The  aq aeons  solution  of  a  is  evaporated  by  heat  to  the 
crystallizing  point,  or  1  pt.  of  the  acid  exactly  neutralized  with  ammonia  is 
mixed  with  1  pt.  more  of  the  acid,  and  the  liquid  evaporated.  (Dopping.) 
Long  transparent  prisms  belonging  to  the  doubly  oblique  prismatic 
(triclinometric^  system.  Fiff.  127;  cleavage  easy  parallel  to  y,  u,  and  v; 
generally  with  the  y<face  superposed;  y  :  «  =  91®  53^;  y  :  «  =  93°  25'; 
y  :  2  =  91*'45';  y  :  q  =:  151°  57;  y  :  the  face  below  u  =  151°  7';  «  :  v  = 
100°  15';  t*  :  ^  =  119°  53';  u  :  the  face  belowtt  =  117°;  v  :  2  =  135°  46'. 
(Brooke,  Ann,  P/iil.  22,  280.)  —  The  salt  tastes  sharp,  bitter,  and  cool- 
ing, and  reddens  litmus.  —  It  loses  scarcely  2  or  3  per  cent  at  100°,  but 
at  140°  it  volatilizes  with  partial  decomposition.  (Dbpping.)  When 
gently  heated  for  some  time,  it  gives  off  a.  large  quantity  of  ammonia 
togetner  with  a  small  quantity  of  water,  and  leaves  pure  succinic  acid 
together  with  a  small  quantity  of  bisuccinamide.  (Bineau,  Ann,  Chim. 
Fhys,  67,  241.)     It  dissolves  readily  in  water  and  in  alcohol.  (Dopping.) 


8C... 

CrysialitMed. 

....     48 

....     35-55     .. 
....     10-37 

6-67    .. 
...     47-41 

Dipping. 
35-54 

N... 
9H... 

....     14 
....       9 

6-73 

8  0.. 

64 

C«N*( 

NH<)0«    

....  135 

....  100-00 

Succinate  of  Potash.  —  a.  Neutral.  —  An  aaueons  solution  of  succinic 
acid  neutralized  with  carbonate  of  potash,  and  evaporated  nearly  to  a 
syrup,  slowly  yields  needles  united  in  stellate  groups.  (Lecanu  Sc  Serbat.J 
Thin  rhombic  tables,  which  give  off  4-2  to  4-8  p.  c.  water  at  100  . 
(Fehling.)  The  crystals  are  deliquescent;  they  give  off  all  their  water 
amounting  to  6 '2  per  cent,  at  100°,  and  the  residue  sustains  without 
further  loss  a  heat  of  230°  to  240°,  and  then  fuses  quietly  without 
decomposition.  (Dopping.)  The  crystals  deliquesce  in  the  air  (Lecanu  & 
Serbat,  Dopping);  they  are  permanent  in  the  air.  (Fehling.)  They  dis- 
solve readily  in  water  and  in  weak  alcohol,  but  are  insoluble  in  ether. 
(Dopping,  Fehling.) 


Dried  at  100«. 
2  KO 

..     94-4     ....     48-56 
..  100-0     ....     51-44 

Fehling. 
....     48-21 

C*H*0«   

CH^K^O*  

...  194-4     ....  10000 

94-4     ....     40-97     .. 
1000     ....     43-40 
36-0     ....     15-63     .. 

Crysiallixed. 
2  KO  

DGpping. 
40-39 

(?R*(y  

4  HO  

16*20 

C8H*K«09  +  4Aq 230-4     ....  10000 

h.  Acid  Salt.  —  Prepared  by  mixing  1  pt.  of  the  acid  neutralized 
with  carbonate  of  potash,  with  1  pt.  more  of  acid,  and  evaporating  to  the 
crystallizing    point.      Transparent^  six-sided  prisms  belonging  to  the 
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doubly  oblique  prismatic  system.  They  redden  litmus;  gradually  become 
turbid  when  exposed  to  the  air;  give  off  all  their  water  (1777  to  18-0  per 
cent.)  at  230°  without  further  decomposition;  and  melt  at  a  stronger  heat, 
with  volatilization  of  succinic  acid  and  further  decomposition.  They 
dissolve  readily  in  water  and  alcohol.  (Dopping.) 

Anhydroui  cryttaU,  Fehling. 

KO 47-2     ....     30-22     3011 

C»H*(y  109-0    ....     69-78 

CH»KO» 156-2 

Hydrated  crystals,  Dopping, 

KO '...     47-2  ....  24-56  24-46 

C8H»0?  _  109-0  ....  56-71 

4  HO r.    36-0  ...  18-73  18*00 

C8H*KO«  +  4Aq 922     ....  10000 

Fehliog  analysed  crystals  which  did  not  lose  anything  at  100^  after  being  dried  in 
the  air.    Hence  Uiis  salt  forms  anbydroas  as  well  as  bydrated  crystals. 

c.  Hyperacid  Scdt  ^^^]^en  1  pt.  of  the  acid  dissolved  in  water  is 

neutralized  while  hot  with  carbonate  of  potash,  and  3  pts.  more  of  acid 

added,  the  liquid  yields  on  cooling,  sometimes   an   anhydrous   salt  a, 

sometimes  a  bydrated  salt  p,  which  gives  off  9'65  p.  c.  water  at  100^ 

(Fehling.) 

Febllng. 

tt.  /?. 

Crystals  dried  at  100^ 

KO  47-2     ....     17-22     17-48     ....     17-44 

16  C 96  0     ....     3501     36-18     ....     3635 

11  H 110    ....      401     3-99    ....       3-97 

15  O  120-0     ....     43-76     42-35     ....     42-24 

CSH»KO«,C8H«08.„.  274-2    ....  10000     10000    ....  100-00 

Crystals  p,  air-dried,  Fehling. 

KO 47-2  ....  15-67     16-24 

C8H»07 1090  ....  36-19 

C*H«08 118-0  ....  39-18 

3  HO    27-0  ....  8-96     9-65 

CH*K08,CsU608  +  3Aq 3012     ....  10000 

[Fehling  reckons  1  At.  less  of  water  in  the  dry  salt,  because  he  obtained  more 
carbon;  this  may  however  have  arisen,  partly  from  bis  assumption  of  C=t6-12,  partly 
from  bis  sapposition  that  in  the  combustion  with  oxide  of  copper,  the  residual  potash 
retained  }  of  the  carbonic  acid,  which  was  perhaps  too  large  an  allowance.] 

Succinate  of  Soda.  —  a.  NeviraL  —  The  acid  neutralized  with  aqueous 
carbonate  of  soda,  yields  on  evaporation,  transparent,  colourless,  neutral, 
rhomboTdal  prisms,  which  are  permanent  in  the  air.  (Dopping.^  Oblique 
rhomboTdal  prisms.  (Fehling.)  Bitter.  They  effloresce  sligntly  in  the 
air.  (Lccanu  &  Serbat,  Fehling.)  They  give  off  {ill  their  water  =  4000 
per  cent.  (40*4  p.  c.  according  to  Fehling)  at  100°,  after  which  they  do 
not  lose  any  more  below  230°  to  240°.  (Dopping.)  The  dry  salt  yields 
by  dry  distillation,  carbonic  acid  and  carburetted  hydrogen  gases,  water 
containing  acetic  acid,  a  browniiih  yellow  oil,  and  carbonate  of  soda  mixed 
with  a  small  quantity  of  charcoal.  (Morveau.)     The  salt  dissolves  readily 
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in  water,  especially  in  hot  water   (Lecanu  &  Serbat),  and  in  bjdrated 
alcohol.  (Dapping.) 


Dned  at  100^ 
2NaO 

62-4     ... 

48-0     .... 

4-0     .... 

48-0     .... 

38-42 

29-55 

2-47 

29-56 

•••■••»■ 

Fehling. 
37-85 

8C     

29-89 

4  H 

2-68 

6  0    

29-58 

C^H^Na^O^ 

Cfrystallized. 
2  NaO    62-4 

162-4     .... 

....     23-08 
....     36-98 
...     39-94 

10000 

] 

DSppin 
22-92 

4000 

100-00 

g.          Fehling. 
21-78 

C8H*0«  1000 

12  HO 1080 

40-40 

C»H<NaK)8+12Aq 270-4 

....  10000 

5.  Acid  Salt',  —  Obtained  by  adding  to  1  pt.  of  the  acid  neutralized 
with  carbonate  of  soda,  another  1  pt.  of  the  aoid,  and  evaporating  the 
liquid  at  a  gentle  heat  to  the  crystallizing  point.  (Dopping.) 

a.  In  a  few  cases  the  solution  yields  indistinct  crystals  which  do  not 
effloresce;  they  give  off  21*44  p.  c.  water  at  100°,  but  when  recrystallized 
from  water,  yield  the  crystals  /3.  (Fehling.) 

p.  In  most  cases,  transparent  prisms  are  obtained  belonging  to  the 
doubly  oblique  prismatic  system,  Fig.  128;  indistinctly  cleavable  parallel 
to  the  truncation -face  of  the  edge  between  u  and  v;  y  :  u  =  128  ,  y  :  d 
=  169''  55';  y  :  V  =  140°  50';  y  :  the  truncation  face  between  u  and  v  = 
99° 30';  tt  :  V  =  1 1 7° 6';  v:z=133° 20';  u  :  the  face  between  w  and v  = 
115°  8';  V  :  the  face  between  m  and  i;  =  108°  07'  (Brooke,  Ann.  Fhil  22, 

286.)  [Brooke  does  not  state  whether  he  examined  the  neutral  or  the  acid  salt;  but 
the  resemblance  of  the  form  with  that  of  the  add  ammonia' salt  renders  the  latter  the 
more  probable.  Moreover^  Dipping  likewise  describes  the  crystals  as  six* sided  prisms 
belonging  to  the  oblique  prismatic  system,  and  Fehling  describes  them  as  large  tables 
form^  from  shortened  oblique  rhombic  prisms].  _  The  crystals  redden  litmus, 
effloresce  slowly  in  the  air  (Dopping),  under  which  circumstances  they 
soon  lose  4*5  per  cent.  (Fehling.)  They  give  off  all  their  water  at  100  . 
(Dopping,  Fehling.) 

The  dry  salt  remains  unaltered  at  200°,  and  decomposes  at  a  stronger 
heat,  like  the  acid  potash-salt.  (Dopping.)  With  chloride  of  benzoyl'  it 
yields  anhydrous  succinic  and  benzoic  acids,  together  with  water  and 
chloride  of  sodium.  (Gerhardt  &c  Chiozza.) 

CHSNaO*  +  C"H»0*CI  «  C«H*0«  +  C"H»Cy»  +  HO  +  NaCl. 

The  salt  dissolves  readily  in  water  and  in  hydrated  alcohol.  (Dopping.) 


Dried  at  100' 


NaO. 

8C 

5  H 

7  0 


31-2 

48-0 

50 

560 


Fehling. 

22-25     21*83 

34-24     34-21 

3-56     3-71 

39-95     40-25 


C«H»NaO* 


1402 


100*00     10000 


Crystals  a. 

NaO 31-2 

C8H»07    1090 

4  HO 360 


17-71 
61*86 
20-43 


Fehling. 
17-76 

21-44 


C8U«NaO«  +  4Aq 1762 


10000 
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Febl.  Dopping. 

NaO   31-  2     ....     16-4  ....     15*89 

C»H»(y  109-  0 

6  HO 27-81     ....     27-6  ...     2806 

C«H»NaO«  +  6Aq 194-  2     ....  1000 

It  does  not  appear  posaible  to  prepare  either  a  tuecinate  qftoda  and  ammonia ,  or  a 
tueemaie  qfsoda  tmdpotoih,  (Fehling,  Dopping.) 

Suodnaie  of  Baryta,  — Neutral.  —  Succinate  of  soda,  but  not  the  free 
acid,  precipitates  hydrochlorate  or  nitrate  of  baryta  when  not  too  dilute. 
(Jobn.)  From  a  concentrated  solution,  a  white  heavy  powder  is  imme- 
diately precipitated  which  does  not  redden  litmus;  a  dilute  solution 
deposits  crystalline  grains  after  a  while,  or  more  quickly  when  heated. 
(Dopping,  Fehling.)  Baryta-water  precipitates  the  same  salt  from  a  not 
too  ailate  solution  of  acid  succinate  of  potash  or  soda,  and  without 
forming  a  double  salt.  (Dbppin^.)  —  The  air-dried  salt  merely  gives  off  a 
little  hygroscopic  water  at  200^  (Dopping,  Fehling.)  —  It  dissolves  but 
very  sparingly  in  water  or  in  succinic  acid,  with  which  it  does  not  form 
an  acid  salt;  it  dissolves  more  readily  in  acetic  acid,  still  more  readily  in 
dilate  hydrochloric  or  nitric  acid,  but  is  insoluble  in  ammonia  and  in 
alcohol.  (Dopping.) 

Dried  at  200'.  Dopping.  Fehling. 

2  BaO    153-2        .     60-50     .  .     .     00*19     59-66 

t«H*0«  100-0     ....     39-50 

C8H*Ba'08 253-2     ..-  10000 

No  acid  baryta-salt  can  be  formed :  the  clear*  aqueoua  mixture  of  succinic  acid  and 
acetate  of  baryta,  when  eraporated  to  dryness  and  treated  with  alcohol  to  extract  the 
free  succinic  acid,  leaves  the  neutral  salt.  The  clear  mixture  of  acid  succinate  of  soda 
and  diloride  of  barium,  when  heated  and  evaporated,  deposits  the  neutral  salt  in  the 
form  of  a  crystalline  powder.  (DSpping.) 

Succinate  of  Strontia.  —  Obtained  by  precipitating  a  not  too  dilute 
aqueous  solution  of  a  strontia-salt  with  neutral  succinate  of  soda. 
(Bucholz,  John,  Dopping.)  White  powder,  or,  when  obtained  by  evapo- 
rating the  aqueous  solution,  crystalline  grains.  (Lecanu  &  Serbat.)  It  is 
anhydrous  after  drying  in  the  air,  and  does  not  lose  anything  at  200^. 
(Dopping.)  It  is  insoluble  in  alcohol,  sparingly  soluble  in  water,  but 
dissolves  more  readily  in  acetic  acid.  (Dopping.)  The  solution  of  this 
salt  in  aqueous  succinic  acid  yields  crystals  (of  the  neutral  salt^  according 
to  Dopping)  by  evaporation.  (John.) 

Dried  at  200*.  Dopping. 

2  SrO  104     ....     50-98     50-21 

CPH^O* 100     ....     49-02 

CH^Sf^Cy    204  100-00 

Succinate  of  Lime,  —  a,  Neutral.  —  A  mixture  of  chloride  of  calcium 
not  too  concentrated  and  neutral  succinate  of  soda  deposits,  after  long 
standing,  needles  of  succinate  of  lime.  (Doping.)  Even  when  the  solu- 
tion is  tolerably  concentrated,  the  precipitate  does  ndt  appear  for  some 
time;  on  the  application  of  heat,  it  forms  more  quickly,  but  then  contains 
less  water.  (Fehling.)  The  dry  salt,  or  a  mixture  of  2  At.  lime  with 
1  At.  suooinie  acid,  yields  by  dry  distillation  a  strongly  empyreumatic, 
dark  brown  oil,  from  which  by  repeated  rectification  at  120'',  Succinone 
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is  obtained  (amounting  to  0*2  per  cent,  of  the  lime-saltV  Snccinone  is  a 
thin  colourless  liquid,  having  only  a  faint  empyreumatic  odour.  It  con- 
tains 7986  C,  8*90  H,  and  11*24  0.  (D*Arcet)  From  these  numbers 
D'Arcet  deduces  for  snccinone  the  formula  C^H^^O'^  and  explains  its 
formation  by  the  equation: 

4C8H«08  »  C»*H>«08  +  11C0>  +  8HO; 
nevertheless,  he  himself  admits  that  snccinone  may  be  only  a  mixture. 

a.  Crygtah  with  2  At.  Water. — When  aqueous  succinate  of  soda  is 
mixed  with  chloride  of  calcium  at  a  boiling  heat,  or  when  the  cold  mix- 
ture is  heated  to  the  boiling  pointi  delicate  needles  quickly  separate, 
which,  after  drying  in  the  air,  give  off  only  2 '5  p.  c.  of  water  at  100^, 
and  do  not  lose  all  their  water,  amounting  to  11*2  per  cent,  till  they  are 
heated  to  200''.  The  mother-liquor  yields  by  evaporation  a  further 
quantity  of  the  needles  a;  but  when  these  are  left  in  the  liquid  for  24 
hours,  they  change  to  the  needles  /3.  (Fehling.) 

/8.  Crystals  tovth  6  At  Water. — A  mixture  of  succinate  of  soda  and 
chloride  of  calcium  left  in  the  cold  or  gently  heated,  deposits,  after  several 
hours, — ^the  more  quickly  as  the  solution  is  more  concentrated, — needles 
which  gradually  increase  in  size  and  hardness.  After  drying-  in  the  air, 
they  give  off  22*35  p.  o.  (5  At.)  water  at  100^  and  at  200^,  the  entire 
quantity,  amounting  to  26*4  p.  c.  (6  At.)  (Fehling.)  The  air<[ried 
needles  give  off  the  greater  part  of  their  water  at  100°,  and  the  whole 
between  120°  and  130°,  so  that  at  200°,  nothing  more  is  evolved. 
(Dopping.) 

The  salt  dissolves  sparingly  in  water  and  in  acetic  acid,  better  in 
succinic  acid,  very  easily  in  nitric  or  hydrochloric  acid,  but  is  insoluble  in 
alcohol. 

Dried  at  200°.  Fehling. 

2  CaO 56     ....     35-90     36*03 

C8H<0»  100     ....     6410    63-97 


C8H4Ca«08 

Air^dried 
2  CaO 

..  156     ....  10000    ..., 

Crystals  a, 
56     ..  .     32-18 

....  100-00 
....     32*32 

C8H<0«  

2  HO 

100     ....     57-48 

18     ...     10-34 

....     11*20 

CnVCs?0^+2.\q 

2  CaO   56     . 

174     ....  10000 

...     26-67     ....     26-74 

...     47-62 

...     25-71     ....     26-42 

....     26-78 

C8H<06 100    . 

6  HO    54     . 

....     26-40 

C8H^Ca2O8+6Aq.210     ....  100*00 

6.  Acid  Salt.  —  1.  The  solution  of  the  salt  a  in  excess  of  succinic 
acid,  when  evaporated  to  the  crystallizing  point,  yields  on  cooling,  dear, 
transparent  prisms  with  fonr-side<l  summits;  they  are  permanent  in  the 
air  and  redden  litmus.  (Dopping.)  —  2.  When  the  aqueous  acid  is 
allowed  to  act  on  finely  pounaed  marble,  there  is  formed,  together  with 
a  small  portion  of  the  undissolved  salt  a,  a  solution  of  the  salt  b,  which 
crystallizes  in  long  needles  on  cooling.  The  saturated  solution  of  the 
salt  a  in  moderately  heated  dilute  nitric  acid  likewise  yields  crystals  of 
the  same  salt,  though  not  so  fine.  —  The  crystals  give  off  all  their  water 
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at  100'',  and  nothing  fortfaer  till  they  are  heated  to  200"^.    (Fehlin^. 
Their  powder  gives  off  vapours  of  succinic  aoid  at  150°:   hot  alcohol 
extracts  from  it  the  half  of  its  acid,  leaving  the  salt  a.     The  salt  6  is 
somewhat  less  soluble  in  water.  (Dopping.) 

DHed  at  100^.                    Fehling.  Fehling. 

Ca 28     ....     20-44     ....     2088            CaO  ,.  .  28  ....  18-07  ....     18-07 

C^H'C 109     ....     79-56                                CaH^O^  109  ....  70-32 

2  HO  ....  18  ....  11-fil  ....     11-50 

C«H«C«0«      137     ....  100-00  +2Aq 155     ....  10000 

Succinate  of  Magnesia,  —  a.  Bade.  —  Precipitated  by  ammonia  from 
the  aaueons  solution  of  the  salt  5,  in  the  form  of  a  white  powder,  which, 
after  drying  in  the  air,  gives  off  but  a  small  quantity  of  water  at  100°, 
but  the  whole  at  200°,  and  then  remains  unaltered  at  230°.  (Dopping.) 

Dried  at  200^  Dipping. 

6  MgO   120    ....     54-55     54*76 

C8U<0«   100     ....     45-45 

4MgO,C*H*Mg«0«    220    ....  100-00 

Dried  at  100^  Dopping. 

6  MgO  120  ....  48-58  49-24 

C9H*0«  100  ....  40-49 

3  HO 27  ....  10-93  10-71 

4MgO,C8H^Mg208  +  3Aq.      247     ....  10000 

5.  Neutral — The  hot  aqueous  acid  readily  dissolves  carbonate  of 
magnesia^  and  when  ^evaporated  after  saturation  and  set  aside  in  the  cold, 
slowly  deposits  neutral  prisms  which  are  permanent  in  the  air.  These 
crystals  give  off  nearly  all  their  water  at  100°,  and  the  rest  at  130°. 
They  dissolve  readily  in  water,  bnt  are  insoluble  in  alcohol.  ^Dopping.)  — 
The  crystals,  which  appear  to  be  rhombohedral,  become  turoid  in  the  air 
without  perceptible  loss,  give  off  401  p.  c.  of  water  at  100°,  41*9  at  150°, 
and  the  whole,  amounting  to  42 '9  percent,  at  200°;  after  that  they 
suffer  no  further  loss  at  250°.  (Fehling.)  The  salt  was  kept  at  each  of 
these  temperatures  for  six  hours,  till  it  sustained  no  further  loss  at  that 
temperature. 

Moreover,  Fehling  distinguishes  two  salts  containing  less  water,  which 
crystallize  from  solutions  more  completelv  evaporated.  One  of  these 
salts,  a,  forms  clear  crystalline  crusts  which  are  permanent  in  the  air, 
give  off  30*56  p.  c.  (8  At.)  water  at  100°,  and  7'2  p.  o.  (2  At.)  more  at 
200^.  —  The  other  salt  p^  forms  in  the  syrupy  solution  in  nodules,  which 
increase  till  the  solution  solidifies;  are  very  hard;  change  to  the  salt  a 
when  exposed  to  the  air  for  some  years;  dissolve  in  water  more  slowly 
than  a;  give  off  10*15  p.  c.  water  at  100°;  and  suffer  no  further  loss 
at  250°. 

DHed  at  200^  Dipping.  Fehling. 

2  MgO 40     ....     28-57     29-14     28-99 

C8H*0« 100    ....     71-43 

C»H*Mg»08 140    ....  100-00 

Ordinary  CryetaU*  Dopping.  Fehling. 

2  MgO 40    ....     1613  16-35     16-19 

C8H<0» 100    ....     40-32 

12  HO 108     ....     43-55  42-83     43*10 


O»H*Mg»0»  +  12Aq.  248     ....  10000 
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Sueeinate  of  Magnesia  and  Potash.  —  1  pt  of  the  a^oeons  acid  is 
saturated  with  carbonate  of  magnesia;  1  pt.  more  of  the  acid  added;  and 
the  solution  neutraliied  with  carbonate  of  potash  and  evaporated,  first 
by  heat,  afterwards  in  the  air  at  ordinary  temperatures.  —  Double  six- 
sided  pyramids,  neutral  and  permanent  in  the  air.  The  air-dried  crystals 
give  off  20*7d  p.  c.  water  at  lOO'',  and  leave  a  residue  which  deliquesces 
in  the  air.  They  dissolve  readily  in  water,  but  with  difficulty  in 
hydrated  alcohol.  (Dopping.)  —  Sometimes,  instead  of  this  salt,  there  is 
obtained  an  indistinctly  crystallized  saline  mass  containing  a  much  larger 
quantity  of  magnesia.  (Dopping.) 

Ctystalf,  Dopping. 

KO 47-2  ....  22-24 

MkO  20-0  ....  9-42     9-72 

C8H^O«   100-0  ....  4713 

5  HO 450  ....  21-21     2079 

C^H^KMgO*  +  5 Aq   212-2     ....  lOO'OO 

SttccincUe  of  Cerium,  —  Cerous  salts  form  a  white,  curdy  precipitate 
with  alkaline  succinates.  Succinate  of  ammonia,  however,  does  not  form 
any  precipitate  with  cerous  acetate.  The  precipitate  dissolves  very 
sparingly  in  water,  even  on  addition  of  succinic  acid,  but  readily  in  the 
stronger  acids.  (Berzelius.) 

SttcctTiate  of  Tttria,  —  Alkaline  succinates  added  to  concentrated 
solutions  of  yttria-salts,  throw  down  succinate  of  yttria  in  nodular  crys- 
tals. (Klaproth.)  From  concentrated  yttriarsalts,  succinate  of  soda 
throws  down  a  crystalline  powder  in  the  coarse  of  a  few  minutes;  from 
more  dilute  solutions,  it  throws  down  crystalline  granules,  after  a  longer 
time  only.  The  salt  contains  6  At.  water,  two  of  which  are  given  off  at 
100°.  It  decomposes  slowly  at  a  red  heat.  Dissolves  sparingly  in  cold, 
more  readily  in  warm  water.  (Berlin.) 

Succinate  of  Glucina.  —  Alkaline  succinates  precipitate  glucina-salts 
(Eckeberg.)  The  precipitate  dissolves  with  dimculty  in  water.  (Ber- 
zelius.) 

Succinate  of  Alumina.  —  According  to  Gehlin  <&  Buchols,  succinate 
of  soda  precipitates  hydrochlorate  of  alumina  (not  however  according  to 
Bonsdorff,  from  very  dilute  solutions) ;  Wenzel  obtained  by  direct  com- 
bination an  insoluble  salt,  together  with  a  soluble  salt  which  crystallised 
in  prisms. 

Suecinaie  of  Thorina.  —  Succinate  of  ammonia  added  to  neutral 
thorina-salts  throws  down  white  flakes;  hydrate  of  thorina  in  contact 
with  the  aqueous  acid,  is  converted  into  the  same  salt,  only  a  trace  of 
which  is  dissolved  by  excess  of  succinic  acid.  (Berzelius.) 

Succinate  of  Zirconia,  —  Succinate  of  ammonia  precipitates  zirconia- 
salts. 

Succinate  of  Molyhdous  Oxide,  —  Like  the  acetate.  (Berzelius.) 

Succinate  of  Molyhdic  Oxide,  —  Like  the  acetate.  (Berzelius.) 

Succinate  of  Molyhdic  ^cu£. -~The  colourless  solution  obtained  by 
digesting  together  the  two  aqueous  acids,  yields  by  evaporatiot,  yellow 
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crystals,  from  which  alcohol  separates  a  yellow  powder,  dissolving  out 
only  the  succinie  acid.  (Berzelius,  Pogg,  6,  384.) 

Aqueous  succinic  acid  dissoWes  an  extremely  small  quantity  of  HydraUd  Vanadie 
I  Oxide,  fomiing  a  pale  blue  liquid,  which,  when  left  to  evapoFate,  leares  a  white  powder 

mixed  with  crystals  of  the  acid.  Neutral  alkaline  succinates  do  not  precipitate  vanadout 
salts.  (BerzeliQS.) 

Chromous  Succinate,  —  Succinate  of  soda  forms  with  protochloride  of 

I  chromium  a  scarlet  precipitate,  which  when   dried  in  vacuo   becomes 

lighter  and  in  some  places  bluish  green;  the  same  change  of  colour  takes 

place  immediately  on  exposure  to  the  air.  (Moberg,  /.  pr.  Chem,  44,  330.) 

lUd  powder  dried  m  vaemo,  Moberg. 

2CrO    72    ....  87-89  3706 

8  C 48     ....  25-26  25*37 

6  H    6     ....  3-16  3-25 

8  0 64     ....  33-69  3432 

C»H^Ci«0«  +  2Aq 190     ....  100-00     10000 

Chromic  Succinate  ?  —  Neutral  succinate  of  soda  forms  with  sesqui- 
chloride  of  chromium,  a  pale  green  pulverulent  precipitate,  insoluble  in 
water,  but  soluble  in  acetic  acid.  (Hayes.)  —  The  'blue  precipitate 
obtained  with  sesquichloride  of  chromium  dissolves  in  succinate  of  soda, 
and  is  precipitated  from  the  solution  by  alcohol.  (Berlin.)  —  According 
to  Fehling,  green  sesquichloride  of  chromium  is  not  precipitated  by  suc- 
cinate of  soida.  —  When  chromic  acetate  is  precipitated  with  succinic 
I  acid,  and  the  precipitate  exhausted  with  water,  the  filtrate  yields  on 

eyaporati^n  green-coloured  crystals  of  succinic  acid,  but  no  definite  salt. 
(Dopping.)  —  The  green  solution  of  hydrated  chromic  oxide  in  warm 
aqueous  succinic  acid  yields  by  evaporation,  first  crystals  of  green- 
coloured  succinic  acid,  and  then  dark  violet  octohedrons  [1].  (Moser.)  — 
The  blue  solution  of  the  blue  hydrate  in  the  acid  leaves  on  evaporation 
an  amorphous  mass,  which  is  blue  by  reflected,  red  by  transmitted  light, 
and  from  which  water  extracts  nothing  but  the  excess  of  acid. 
(Berzelius.) 

Uranic  Succinate.  —  Obtained  by  precipitating  a  uranic  salt  with  an 
alkaline  succinate;  pale  yellow,  sparingly  soluble  in  water.  (Richter.) 

ManganouB  Succinate,  —  The  pale  red  *  solution  of  maneanous  car- 
bonate in  the  aqneous  acid  yields  reddish,  transparent,  highnr  lustrous, 
rhombic  prisms,  double  four-sided  pyramids,  and  four-sided  tables,  which 
are  permanent  in  the  air,  and  have  a  slightly  acid  saline  taste.  When 
heated,  they  become  white  and  like  porcelain;  by  dry  distillation,  they 
give  off,  first  water,  and  then  a  brown  oil,  together  with  carbonic  acid 
and  carburetted  hydrogen  gases.  They  dissolve  in  10  pts.  of  water  at 
19°,  but  are  insoluble  in  alcohol.  (John,  N,  Gehl.  4,  439.)  — The  prisms 
belong  to  the  doubly  oblique  prismatic  (triclinometric)  system;  they  are 
of  an  amethyst  colour,  neutral,  permanent  in  the  air,  give  off  all  their 
water  at  100°,  and  only  a  trace  at  200°.  (Dopping.) 

Air-dried  crytialt,  Dopping.  John. 

2M»0 72     ...     29-51  29*57     3027 

C8H<0« 100     ....     40-98 

8  HO 72     ....     29-51  28-71 


(?H«Mn308  +  8Aq.     244     ....  10000 
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Soccinio  acid  dissolves  bat  a  very  small  quantity  of  recently  preoipitated  Aniimouie 
oxide  (Wenzel,  Dipping);  the  acid  potash  or  soda-salt  likewise  dissolves  only  a  trace  of 
that  oxide.  (Fehling.) 

SuccinaU  of  BismtUh.  —  By  digesting  euocinic  acid  with  Hydrated 
oxide  of  bismuth,  a  soluble  salt  is  obtained,  containing  bnt  a  very  small 
quantity  of  bismuth,  and  crystalliziug  in  yellow  laminae,  together  with  an 
insoluhle  salt.  (Wenzel.) 

Succinate  of  Zinc.  —  When  recently  precipitated  carbonate  of  zinc  is 
added  very  slowly  and  by  small  portions  to  a  boiling  aqueous  solution  of  the 
acid,  which  must  remain  in  excess,  the  salt  separates  as  a  white  crystal- 
line powder.  The  airnlried  salt  gives  off  a  little  hygroscopic  water  at 
100'',  and  nothing  more  at  200°.  It  dissolves  very  slowly  in  water  and 
succinic  acid,  readily  in  mineral  acids,  acetic  acid,  ammonia  and  potash, 
but  is  insoluble  in  alcohol.  (Dopping.)  *- Succinate  of  soda  does  not 
precipitate  chloride  of  zinc.  (Buohoiz.) 

Dried  at  200**.  DiSppinj^. 

2ZnO 80-4     ....     44'57     45-18 

C8H«0«    1000    ....     55-43 

C8H^Zn«0« 180-4    ....  10000 

Succinate  of  Cadmium,  —  The  metal  dissolves  very  sparingly  in 
aqueous  succinic  acid,  the  carbonate  veiy  readily.  —  The  solution  yields 
by  evaporation,  transparent  prisms  united  in  spherical  groups,  which  dis- 
solve readily  in  water,  and  when  treated  with  alcohol,  are  resolved  into 
an  acid  salt,  which  dissolves  in  the  alcohol,  and  a  more  neutral  salt  easily 
soluble  in  water.  (John.) 

Stannous  Succinate,  —  According  to  Bucholz,  succinate  of  soda  forms 
a  precipitate  with  stannous  hydrochlorate.  Wenzel,  by  digesting  30  pts. 
of  succinic  acid  with  10  pts.  of  hydrated  stannous  oxide,  obtained  a 
liquid  containing  a  very  small  quantity  of  tin  and  1 1  pts.  of  residue 
(neutral  salt  ?)• 

Stannic  Succinate.  — -  By  double  decomposition.  —^White^  insoluble. 

Succinate  of  Lead.  —  a.  Polyhasic,  —  a.  Remains  when  the  salt  c  is 
digested  with  ammonia,  in  the  form  of  a  white  anhydrous  powder,  very 
sparingly  soluble  in  water.  (Berzelius.)  It  gives  off  but  very  little  water 
at  100  ,  and  nothing  more  at  200^  Hot  acetic  acid  converts  it  into  the 
salt  e.  It  dissolves  readily  in  dilute  nitric  acid  and  in  potash-ley,  but  is 
insoluble  in  alcohol.  (Dbpping.)  —  ^.  A  similar  salt  is  obtained  by  mixing 
Bubacetate  of  lead  with  a  small  quantity  of  ammonia,  and  precipitating 
with  succinate  of  ammonia.  (Fehung.) 

Dried  at  2Wi^.  Berzelias.        D(5ppmg.      Fehling. 

a.  a.  p, 

6  PbO  672    ....    87-05    86*93  ....    86-88    ....   85-37 

"8  0    48     ....       6-22     ....  ....     6-99 

4  H    4     ....       0-52     ....  ....     0-52 

6  0   48     ....       6-21     ....  ....     7-12 


4  PbO,C?»H^Pb^08     722     ....  100*00  10000 

Fehling  deduces  from  his  analyfis  of  the  salt  /3,  the  formula  dPbO^C^H'O' ;  per* 
haps  it  contained  a  little  of  the  salt  b^ 


SUCCINIC  ACID.  125 

h,  Basic,  —  Precipitated  on  mixing  sabacetate  of  lead^  with  neutral 
or  acid  succinate  of  ammonia,  potash,  or  soda.  The  precipitate  obtained 
with  the  acid  soda-salt  from  hot  solutions,  coagulates  to  a  plastic  mass,  which 
hardens  as  it  cools,  and  when  exposed  to  the  air  for  several  days,  becomes 
brittle,  and  may  be  rubbed  to  a  powder  which  no  longer  bakes  together 
at  100".  The  salt  dried  at  130°  gives  off  113  p.  c.  more  at  230  ,  but 
turns  brown  at  the  commencement.  The  salt  is  converted  by  ammonia 
into  the  salt  a,  and  by  boiling  acetic  acid  into  c.  It  is  iusoluble  in  water 
and  alcohol,  but  soluble  in  -potash.  (Dopping.)  —  Even  when  1  pt.  of 
succinic  acid  is  dissolved,  together  with  an  equal  quantity  of  oxalic, 
tartaric,  malic,  or  nitric  acid,  in  1000  pts.  of  water,  it  still  forms  in  hot 
solutions,  this  characteristic  tenacious  precipitate.  (Kobnke,  JV.  Br, 
Arch,  39,  153.) 

The  salt  may  be  obtained  in  the  cnrstalline  form  by  the  following  pro- 
cesses: a,  A  boiling  neutral  solution  of  succinate  of  ammonia  is  added,  by 
small  portions,  to  a  boiling  and  tolerably  strong  solution  of  sub-acetate 
of  lead,  till  the  white  precipitate  just  ceases  to  redissolve,  after  which 
the  clear  liquid  is  left  to  cool  in  a  closed  vessel.  If  the  inner  sides  of  the 
vessel  be  then  scratched  with  a  |^1ass  rod,  the  whole  of  the  salt  separates 
in  a  few  minutes,  in  the  form  of  a  white  powder;  if.on  the  contrary,  the 
liquid  be  left  at  rest,  it  yields,  in  two  or  three  days,  rosette-shaped  crystals, 
having  the  same  composition;  and  the  decanted  mother-liquor  yields  an 
additional  quantity  of  the  pulverulent  salt  on  scratching  the  vessel  with 
the  glass  rod.  The  air-dried  salt,  either  crystallized  or  pulverulent, 
gives  off  only  a  trace  at  230°,  at  which  point  it  begins  to  turn  yellow.  — • 
p:  Sometimes,  instead  of  a,  crystals  are  obtained  having  the  composi- 
tion given  under  p\  these  crystals  give  off  1'99  p.  c.  of  water  at  100°, 
and  nothing  more  at  a  higher  temperature.  —  7.  Wheu  neutral  succinate 
of  potash  or  soda  is  boiled  with  moderately  strong  subacetate  of  lead, 
and  the  liquid  decanted  from  the  plastic  mass  into  a  flask  which  can  be 
closed,  it  yields,  after  some  months,  a  few  large  crystals,  which  after 
dryinglin  the  air,  give  off  3*35  per  cent,  of  water  at  150°,  and  nothing 
more  at  220"*.  (Fehling.) 

Dopping.  Fehling. 

otlo/vttnoL  atr-drted. 

3  PbO 336     ....     77'07     ....     76-97     ....     78-33    ....     7678     ....     7560 

8  0 48     ....     11-01     ....  ....     10-71     ....     10-79     ....       971 

4  H 6     ....      0-91     ....  ....      0-83    ....       119    ....       1-21 

6  0 48     ....     11-01     ....  ...     10-13     ....     11-24     ....     13-48 

PbO,C8H^PV08      436    ....  100-00    ....  ....  10000    ....  10000    ....  100-00 

Fehling  regards  the  salt  a  as  3PbO,C"H*0*;  the  salt  )3  as  3PbO,a»U«0<;  and  the 
aalt  3PbO,C«H»07. 

c.  Neuiral,  —  Obtained  by  precipitating  neutral  or  basic  acetate  of 
lead  with  the  free  acid,  or  nitrate  of  chloride  of  lead  with  an  alkaline 
succinate.  (Berselius,  Dopping.) -— White  crystalline  powder,  which 
separates  in  long  narrow  laminsd  from  the  solution  in  hot  aqueous  suc- 
cinic acid;  anhydrous.  (Berzelius.)  The  air-dried  salt  loses  two  or  three 
per  cent,  of  hygroscopic  water  at  100°,  and  no  more  at  230°,  at  which 
temperature  it  begins  to  turn  brown.  (Dopping.)  .  When  more  strongly 
heated,  it  blackens,  and  bums  away  with  a  glimmering  light,  leaving  a 
mixture  of  lead  and  oxide  of  lead.  (Winckler,  Repcrt,  39,  ^^.)  It 
is  converted   into  the  salt  a  by  ammonia.  (Berzelius.)    It  is  but  very 
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BpariDglv  soluble  in  water,  acetic  acid,  or  even  in  beaied  succinic  acid,  and 
is  insoluble  in  alcohol.  (Dopping.)  It  dissoWes  in  aqueous  neutral  acetate 
of  lead.  (Winckler.) 


2PbO  

8  C    

Dried  at  100^ 

224     .... 

48     .... 

69-13    .. 

14-82     .. 

1-23     .. 

14-82     .. 

Benelias. 

6910     ... 

14-71     ... 

1-39     ... 

14-80     ... 

Bdppinj^. 
....     69-12     .... 

»••«•                                                  ••mi 

»•  ■••                                                   • •• 

Fehling. 
....     7005 
....     14  81 

4  U 

....       1-16 

6  0   

•  .«•...•••        4o      •••• 

....     13-98 

C»H«Pb»0» 

324     .... 

10000     .. 

100-00    ... 

>  •  •« •                                                   ■ ■• 

....  10000 

[The  lalt  analysed  by  Fehling  was  obtained  by  decomposing  succinic  ether  with 
oxide  of  lead;  he  regards  it  as  2PbO,C»H30«;  but  this  formula  requires  71*llPbO, 
15-24C,  0-95  H  and  1^70 O.] 

Ferrous  Succinate.  —  Alkaline  succinates  form  with  ferrous  salts  a 
grey-green  precipitate,  which  oxidizes  in  the  air,  and  dissolves  with 
difficulty  in  water,  somewhat  more  readily  in  aqueous  succinic  acid. 
(Berzelius,  Lekrb,)  It  dissolves  partially  in  ammonia  and  ammoniacal 
salts.  (Wittstein.) 

Ferric  Succinate.  —  a.  Polybasic.  —  a.  When  the  recently  precipi- 
tated salt  h  is  treated  with  warm  aqueous  ammonia,  it  becomes  gelatinous 
and  darker,  and  after  washing  and  drying  at  200°,  appears  black-brown 
and  easy  friable,  and  contains  95*88  p.  c.  ferric  oxide,  therefore  about 
=  30  Fe«0*,C'H*0«.  — /J.  By  treatment  in  the  cold,  a  salt  is  obtained, 
which  has  a  similar  appearance,  but  after  drying  at  200°,  contains  93*21 
p.  c.  ferric  oxide,  and  has,  therefore,  about  the  composition  18  Fe*0*, 
CHH)*.  ^D&pping.)  According  to  Bucholz  also,  a  more  basic  salt  is 
obtained  oy  boiling  the  recently  precipitated  salt  h  with  water;  but 
according  to  Dopping,  such  is  not  the  case.  —  When  a  ferric  salt  is  pre- 
cipitated by  succinate  of  ammonia  slightly  supersaturated  with  ammonia^ 
the  precipitate  contains  80  p.  c.  of  ferric  oxide.  (Fehling.) 

h.  Banc.  —  Neutral  alkaline  succinates  form  with  susquichloride  of 
iron,  a  pale  brown-red  gelatinous  precipitate.  (Bucholz.)  —  In  this 
reaction^  one-third  of  the  succinic  acid  is  set  free.  Probably  in  this 
manner : 

3C8H<K*0»  +  2Fe»CP  +  2H0  =  2(Pe«0»,C8H<0«)  +  C»H«08  +  6KC1. 

If  the  iron  solution  contains  a  little  free  acid,  the  whole  of  the  ferric 
o^ide  is  indeed  precipitated,  but  redissolves  during  the  washing,  unless 
the  precipitate  be  boiled  up  and  left  to  cool  again.  (Berzelius.)  —  The 
precipitate  settles  but  slowly,  and  is  difficult  to  wash  on  the  filter, 
because  it  coagulates  to  a  solid  paste,  which  does  not  readily  allow  the 
water  to  pass  through.  But  if  the  chloride  of  iron  be  mixed  with 
acetate  of  soda  before  precipitation  with  the  succinate,  the  i»recipitate 
obtained  is  not  gelatinous,  but  forms  a  pale  brick-red  powder,  which 
settles  down  quickly,  and  after  addition  of  70  per  cent,  alcohol,  easily 
lets  the  liquid  run  through  the  filter,  but  becomes  gelatinous  as  soon  as 
an  attempt  is  made  to  wash  it  with  water,  without  however  altering  its 
composition.  (Dopping.) 

The  precipitate  when  dry  has  a  dark  red-brown  colour,  (Bucholz,)  and 
is  easily  rabbed  to  a  dark  brick-red  powder.  (Dopping.) — It  requires  a  heat 
of  180  to  free  it  from  hygroecopic  water,  and  rapidly  absorbs  water  again 
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from  the  air.  (Dopping.)  The  dry  salt  swells  and  slows  wheu  ignited, 
leaving  38*5  p.  c.  of  dark  browu-red  oxide.  (Bacholz.)  —  It  is  insolable  in 
water.  (Bacholz,)  and  dissolves  very  sparingly  but  without  alteration  in 
boiling  water.  (Dopping.) — ^According  to  Bacholz,  whose  statement  is  contradicted 
by  Ddpping,  it  is  resolved  by  boiling  with  water  into  a  more  acid  salt  which  dissolves, 
and  a  residue  of  basic  salt. — The  recently  precipitated  salt  dissolves  pretty 
freely  in  boiling  succinic  acid;  the  solution  when  evaporated,  deposits 
the  greater  part  of  the  salt  in  flakes  of  unaltered  composition,  and  finally 
yields  crystals  of  succinic  acid  coloured  with  a  small  ouantity  of  salt, 
from  which  it  may  be  separated  by  alcohol.  (Dopping.)  Wenzel  obtained 
a  similar  solution  by  boiling  ferric  hydrate  with  excess  of  succinic  acid; 
this  solution  is  not  precipitated  by  alkalis,  (vid.  inf,  Winckler.)  — Since, 
in  the  precipitation  of  a  ferric  salt  by  neutral  alkaline  succinates,  ^  of 
the  succinic  acid  is  set  free,  this  free  acid  redissolves  a  portion  of  the 
precipitate  when  the  mixture  is  boiled,  forming  a  very  pale  red  solution; 
but  the  undissolved  portion,  when  dried  at  200°,  contains  43*9  p.  c. 
ferric  oxide,  therefore  not  perceptibly  more  than  before.  (Dopping.)  — 
The  salt  b  dissolves  slowly  in  cold,  readily  in  hot  acetic  acia.  (Dopping.) 
It  dissolves  readily  in  dilute  mineral  acids.  (Bucholz,  N.  Gekl,  2,  515.) 
When  this  salt  is  precipitated  by  excess  of  ammonia  or  soda,  it  redis- 
solves therein,  forming  a  liquid  which,  in  the  course  of  12  hours,  solidi- 
fies to  a  light  brown-red  jelly.  (Winckler,  i?6per*.  39,  65.)  — The  statement 
of  Lecanu  fit  Serbat,  that  this  salt  h  is  likewise  soluble  in  aqueous  acetate  or  nitrate 
of  soda,  is  unfounded.  (Berzelius^  Jahretber,  4,  192  ;  Gm.) 

Dried  at  200'*.  Ddpping. 

Pe>0»  80     ....     44-44     43*46  to  4380 

C«H^O<   100     ....     55-56 

FeiK>»,C"H*0«....  180    ....  lOOOO 

Without    further  analyses,  it  is  impossible  to  construct  a  formula  for  this  salt 
•ocording  to  the  substitation-theory. 

Sveemate  of  Co^2t. -— Alkaline  succinates  form  only  with  concen- 
trated solutions  of  cobalt-salts,  a  peach-blossom  coloured,  somewhat 
soluble  precipitate.  (Berselius,  Macaire-Princep,  J,  Pkarm,  15,  529.) 

Succinate  of  Nickd.  —  The  pale  green  solution  of  hydrated  oxide  of 
nickel  in  hot  succinic  acid,  yields,  when  evaporated  over  oil  of  vitriol  in 
a  vessel  containing  air>  small,  green,  crystalline  nodules,  which,  after 
being  pulverised,  may  be  purified  from  the  free  acid  by  alcohol.  The 
salt  does  not  redden  litmus,  gives  off  nearly  all  its  water  at  lOO'',  the 
whole  at  130°,  and  remains  undecomposed  at  200°.  It  dissolves  in  water, 
acetic  acid,  and  ammonia,  but  not  in  alcohol.  (Ddpping.) 

Dritd  at  20G«.  DSpping. 

2  NiO 75     42-86     42*28 

C«H*0«   100     5714 

C»H^NiH>» 175     10000 

Air-dried  erystaih.  Dipping. 

2  NiO 75     ....     30-36  30*38 

C8H*0«  100     ....     40-49 

8  HO 72     ....     29*15  2908 

C?H*NiK)»  +  8Aq 247     ...  lOO'ttO 
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Oupric  Succinate.  -*  Alkaline  saoci nates  added  to  cupric  salts  throw 
down  curdy  flakes  of  a  fine  green  colour  (Macaire-Princep);  pale  blue 
flakes.  (Winckler.)  —  Bv  digesting  10  pts.  of  cupric  carbonate  with 
80  pts.  of  succinic  acid  dissolved  in  water,  there  is  obtained  17  per  cent, 
of  undissolved  pale  green  salt,  and  a  solution  of  succinic  acid  containing 
copper.  (Wenzel.)  When  recently  precipitated  cupric  carbonate  is 
added  to  the  boiling  aqueous  acid,  which  must  remain  in  excess,  the  salt  is 
obtained  in  the  form  of  a  soft,  bluish  green,  crystalline  powder,  which, 
after  drying  in  the  air,  gives  off  only  2  or  3  per  cent,  of  hygroscopic 
water  at  100°,  and  nothing  more  at  200^  It  dissolves  with  difficulty  in 
water  and  succinic  acid,  forming  a  pale  green  solution,  more  easily  in 
acetic  acid,  but  is  insoluble  in  alcohol  (Dopping),  and  likewise  in  ether. 
(Unverdorben.) 

Dried  at  200**.  DSpplng. 

2CuO    Sa    ....     44*44     44*11 

C8H<0«  100     ....     55-56 

C8H<CaS08 180     ....  lOO'OO 

Mercuroui  Succinate,  —  Alkaline  succinates  form  a  white  precipi- 
tate with  mercurous  nitrate.  (Bucholz,  Gehlen.^  The  precipitate  is  con- 
taminated with  basic  mercurous  nitrate.  —  It  is  insoluble  in  water,  suc- 
cinic acid,  and  alcohol,  but  dissolves  readily  in  nitric  acid.  (Dopping.) 
With  an  excess  of  succinate  of  soda,  a  white  precipitate  is  obtained, 
which  when  washed  on  the  filter,  begins  to  dissolve  and  pass  through 
milky,  as  soon  as  all  the  succinate  of  soda  is  removed;  turns  yellow  when 
further  washed  with  water;  and  when  boiled  with  that  liquid,  becomes 
black  from  reduction  of  mercury.  The  filtrate  contains  mercuric  as  well 
as  mercurous  oxide  in  solution.  (H.  Rose,  Fogg.  53,  127;  comp.  Harff 
and  Burkhardt,  iV'.  Br.  Arch.  5,  287,  and  11,  272.) 

Mercuric  titrate.  —  Recently  precipitated  mercnric  oxide  is  par^ 
tially  converted  by  long  boiling  with  the  aqueous  acid  into  a  white 
powder  which  contains  rather  more  than  2  At.  oxide  to  1  At.  acid;  the 
liquid  contains  a  small  quantity  of  mercuric  oxide  in  solution.  —  When 
mercuric  acetate  is  evaporated  to  dryness  with  succinic  acid,  and  the 
excess  of  acid  dissolved  out  by  alcohol,  there  remains  a  sparingly  soluble 
white  powder,  free  from  acetic  acid,  but  containing  mercurous  acid,  — 
Neither  succinic  acid,  nor  the  soda-salt  precipitates  corrosive  sublimate. 
The  latter  mixture  yields  by  evaporation,  silky  needles,  apparently  con* 
sisting  of  a  compound  of  mercuric  chloride  with  succinate  of  soda. 
(Dopping.)  —  Succinate  of  soda  added  to  mercuric  acetate  throws  down 
a  fine  white  powder.  (Winckler.) 

Succinate  of  Silver.  —  Succinate  of  soda  precipitates  nitrate  but  not 
sulphate  of  silver.  (Bucholz.)  Free  succinic  acia  does  not  precipitate 
nitrate  of  silver.  (Dopping.)  The  precipitate  is  a  fine,  white,  amorphous 
powder,  which  settles  down  rapidly  and  is  easily  washed.  When  dried 
in  the  air,  it  diminishes  slightly  in  weight  at  100^;  at  150°  it  acquires  a 
constantly  deepening  green-grey  colour,  without  diminishing  much  in 
weight.  (D5pping.)  In  dry  chlorine  gas  it  is  instantly  decomposed  with 
evolution  of  heat.  ^Liebig.^  In  a  stream  of  hydrogen  gas  at  100*',  it 
acquires  a  lemon-yellow  colour,  and  at  a  somewhat  higher  temperature, 
half  of  it  sublimes,  while  yellow  succinate  of  suboxide  of  silver  remains 
behind.   (Wbhler^  Ann*  Fharm,  BO,  4.)  «« It  dissolves  very  slowly  in 
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water  or  aeetio  aoid,  readily  in  dilute  nitric  acid  or  ammonia,  but  is 
insoluble  in  alcohol.  (Dbpping.) 

Dried  at  100" z  D'Arcet.  DOpping.       Fehling. 

2AgO   232    ....     69*88     69*65     69*91     ....    69*53 

C»HH)«  100    ....     30*12 

C»H*Ag»08    ....     332     ....  100*00 

Dried  at  100^  Zwenger.  Bromeis.     Sthamer.     Radcliff.    Bonalds. 

2AgO  232  ....  69-88  ....     69-35  ....     69*27  ....     69*07  ....     69*35  ....     69*16 

8  C 48  ....  U-46  ....     14*49  ...     15*73  ....     14*30  ....     14*34  ....     14*21 

4H 4  ....  1*20...       1*46  ...       1*61....       1*50...       1*28...       1*23 

6  0 48  ....  14*46  ...     14*70  ....     13*39  ....     15*13  ....     15*03  ....     15*40 

CPH*Ag»0«    332  ....  100-00  ....  100*00     ....  10000  ....  100*00  ....  100*00  ....  10000 

D'Arcet,  Ddpping  and  Fehling  analysed  a  silver-salt,  the  acid  of  which  was  obtained 
from  amber ;  Zwenger^s  acid  was  obtained  from  wormwood;  Bromeis's  from  stearic  acid, 
Sthamer's  from  Japan'  wax ;  Radcliff  s  from  spermaceti;  and  Ronalds's  from  beeswax. 

Snccinic  acid  dissolves  in  1  *d7  pt.  of  boiling  highly  rectified  alcohol. 
(Wenzel.)  —  It  is  but  very  slightly  soluble  in  ether,  (iJ'Arcet.) 


Conjugaled  Compound  of  Succinic  Aeid» 

Sulphosuccinic  Acid,    C«H«0*,2So». 

Fehling.  (1841.)    Ann,  JPharm,  38^  285;  49,  203. 

Benuteintchwtfehailre ;  Benuteinunterschwe/eUaure. 

Formation  and  Preparation,  The  vaponr  of  anhydrous  sulphuric 
acid  brought  in  contact  with  succinic  acid  contained  in  a  cooled  flask, 
forms,  with  considerable  evolution  of  heat,  a  brown,  transparent,  viscid, 

mass.  It  is  only  when  the  snccinic  acid  is  contaminated  with  empyrenmatic  oil,  that 
sulphurous  acid  is  evolved  in  this  reaction  and  the  mass  becomes  nearly  black  and 
opaque.  —  The  mass  is  left  to  stand  for  a  few  hours  at  40°  to  50^,  or  for 
24  hours  at  15*^,  so  that  the  action  may  be  complete;  then  taken  up 
with  water;  mixed  from  time  to  time  with  carbonate  of  baryta  or 
carbonate  of  lead,  till  a  filtered  sample  no  longer  precipitates  chloride  of 
barium;  the  liquid  filtered;  the  sulphosuccinate  of  lead  precipitated  by 
acetate  of  lead,  the  succinate  of  lead  then  remaining  in  solution;  —  the 
well  washed  precipitate  decomposed  by  sulphuretted  hydrogen,  and  the 
filtrate  evaporated  in  vacuo  over  oil  of  vitriol  to  a  syrup,  which  gradually 
yields  crystals. 

Properties.  Nodular  crystals  having  a  strongly  aoid  taste.  They 
cannot  be  obtained  in  the  dry  state,  but  remain  gummy,  and  are  there- 
fore not  adapted  for  analysis:  they  contain  13*62  p.  c.  sulphur. 

Decompositions.  The  crystals  when  heated  five  off  suffocating 
vapours  containing  succinic  acid,  and  leave  a  difficultly  combustible 
charcoal.  —  2.  The  aqueous  solution  suffers  partial  decomposition  when 
evaporated  in  the  water-bath,  a  brown  mass  remaining  and  a  trace  ot 
sulphuric  acid  being  set  free. 
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CtmhincUians,  The  crystals  absorb  moisture  from  the  sir  and  dis- 
solve readily  in  water. 

Sulphomcdnates.  —  The  -  acid  saturates  bases  completely  and  expels 
acetic  acid.  [Fehling,  in  accordance  with  his  analysis  of  the  lead-salt^ 
regards  the  acid  as  quadribasic=C«H*0»,S»0»+4H0;  Berzelius  {Jah- 
resber.  22,  246,)  regards  it  as  tribaaic  =C»H»0»,2S0»+3H0,  a  view 
which  is  in  accordance  with  Gerhardt's  law  (vii.  222);  for,  2  +  2—1 
=  3.  According  to  this  view,  the  formula  of  the  free  acid  is  C*H*0*, 
2S0^;  and  of  the  6H,  three  may  be  repbced  by  metals.]  See  abo 
remarks  in  Rev,  JSdent  6,  285. 

StdphomccimUe  itf  Ammonia.  —  The  acid  evaporated  to  a  syrup,  and 
Immersed  in  ammoniacal  gas,  solidifies  in  a  few  seconds  from  formation 
of  needles,  and  is  converted  after  some  time  into  a  nearly  dry  solid  mass. 
When  dried  in  vacuo  over  oil  of  vitriol,  it  acquires  the  power  of  red- 
dening litmus  slightly. 


8C... 

3N... 
17  H 
10  O ... 

2S0» 


Dried  at  a  gentle  heat.  Fehliag« 


48 

....  17-98  .... 

....  1819 

42 

....  15-73 

17 

....   6-37  .... 

....   6-34 

80 

....  29-96 

80 

....  29-96 

C«H»(NH^)»08,2S08  +  2Aq.     267     ....  10000 

StUpJiosuccinate  of  Pota^.  —  a.  Tribanc,  —  The  aqueous  acid  ren- 
dered slightly  alkaline  by  carbonate  of  potash,  and  evaporated  to  a 
syrup  in  vacuo  over  oil  of  vitriol,  yields  in  a  few  days  only  a  few  very 
deliquescent  crystals;  but  if  it  be  then  mixed  with  a  small  quantity  of 
acid,  it  solidifies  almost  entirely  to  a  crystalline  magma,  from  which  by 
recrystallization  pure  crystals  may  be  obtained.  The  crystallization  is 
greatly  accelerated  by  covering  the  mother-liquor  with  a  layer  of  alcohol. 
The  crystals  left  in  vacuo  for  a  few  days,  give  off  5*4  p.  c.  (2  At.)  water, 
afterwards  at  100°,  7'6  p.  c.  (3  At.)  more;  nothing  further  is  given  off 
at  150°,  but  at  a  higher  temperature  the  crystals  are  decomposed,  leaving 
a  mixture  of  sulphate  and  sulphite  of  potash.  The  salt  absorbs  moisture 
from  the  air,  but  without  deliquescing,  dissolves  readily  in  water  with 
a  slightly  acid  reaction,  but  scarcely  at  all  in  absolute  alcohoL 

J}ried  in  vacuo,  Fehling* 

3  KO    141-6  ....  42-83  41-50 

8C   480  ....  14-52  14-99 

6H  5-0  ....  1-51 1-68 

7  0   66-0  ....  16-94 

2S0» 80-0  ....  24-20 

C'H»K«0»,2SO>+2Aq.   3306    ....  10000 

b,  BiboHc.  —  The  solution  of  a  mixed  with  a  larger  quantity  of  acid, 
yields  crystals  which  have  an  acid  reaction^  and  separate  more  easily 
than  those  of  a.  They  give  off  2*78  p.  c.  (1  At.)  water  in  vacuo,  1  At. 
more  when  gendy  heated,  and  11*3  p.  c.  (4  At.)  in  all  at  100°.  The 
salt  remains  dry  when  exposed  to  the  air,  but  dissolves  readily  in  water, 
and  in  almost  ful  proportions  in  boiling  water. 
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CryttaU  dried  at  a  gentle  heat, 

2  KO 94-4     .. 

8C 48-0     .. 

6  H 6-0    .. 

8  0 64-0    .. 

2  80» 80-0     .. 


32-28 
16-42 
205 
21-89 
27-36 


Fekling. 
31-63 


26-85 


C8H«KH)«,2SO»+2Aq.       292-4    . 

Air-dried  Qrpgtale. 
2  KO 94-4    .... 

...  100-00 

30-41     .... 
15-47     .... 
2-58     .... 
25-77 
25-77 

Fehling. 
....     29-93 

8C 48-0    .... 

....     15-66 

8  H.., 8-0    .... 

10  0 80-0     .... 

....      2-67 

2  SO* 80-0     .... 

C?»H*K«08,2SO»  +  4Aq.  310-4     ....  100-00 

Stdphosticcinate  of  Soda.  —  Obtained  by  precipitating  the  following 
barjrta-salt  with  excess  of  sulphate  of  soda,  evaporating  the  filtrate  to 
dryness,  and  dissolving  out  the  sulphosuccinate  of  soda  by  alcohol.  It 
crystallizes  with  difficulty  and  dissolves  readily  in  water  and  in  ordinary 
alcohol. 

Sulphomccinatc  of  Baryta,  ^^  Acei&ie  of  baryta  is  precipitated  even 
by  the  free  acid;  nitrate  or  faydrochlorate  of  baryta  only  by  the  acid 
when  in  combination  with  ammonia,  potash,  or  soda.  The  precipitate, 
after  drying  at  100",  gives  off  nothing  more  at  200°.  While  still  moist 
it  dissolves  readily  in  hydrochloric  or  nitric  acid,  sparins^ly  in  hot  acetic 
acid;  after  drying,  it  is  mnch  less  soluble  in  hydrochloric  acid,  and 
almost  insoluble  in  acetic.  Its  solution  in  aqueous  snlphosuccinic  acid 
placed  in  vacuo  yields  ciystals  doubtless  containing  less  baryta. 


3  BaO 

Dried  at  100«. 
229-8     ....     57-34     ... 

Fehling. 
56-90 

8  C 

48-0    ....     11-98    ... 

11-69 

3H 

3-0    ....      0-74    ... 

0-94 

11  o 

88-0     ....     21-96     ... 

22-49 

2  S 

32-0     ....       7-98     ... 

7-98 

C8H3Ba'08,2S0»    . 

400-8     ....  100-00     ... 

100-00 

JSulphoguccinate  of  Lime,  —  The  aqueous  acid  readily  dissolves  marble, 
even  in  the  cold,  but  retains  its  acid  reaction,  and  yields  by  evaporation, 
a  non-crystalline  residue,  which,  after  drying  at  100%  contains  24-6  p.  o. 
lime,  and  is  therefore  C''H*Ca*0»,2S0». 

The  maffnesia-salt  does  not  crystallize* 

The  potash-salt  does  not  precipitate  the  salts  of  manganese»  iron,  cobalt,  nickel, 
or  copper. 

Sulphosuccinate  of  Lead,  —  a,  Quadribasic,  —  The  acid  liquid  purified 
from  free  sulphuric  acid  by  digestion  with  carbonate  of  lead  (vid.  Prepara- 
tion of  Sulphoauccinic  acid)  is  mixed  with  so  much  ammonia  that  it  retains 
only  a  slightly  acid  reaction,  and  then  precipitated  by  neutral  acetate  of 
lead.  The  yellowish  white  precipitate  heated  to  lOO**,  after  drying  in 
the  air,  gives  off  5*57  p.  o.  (4  At.)  water.  Boiling' acetic  acid  converts  it 
into  the  salt  h,  by  removing  1  At.  oxide  of  lead.  It  dissolves  with 
tolerable  facility  in  hydrochloric,  nitric,  or  sulphosuccinic  acid. 

K  2 
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Calculation,  according  to  Berzehtu, 

4  PbO 448  ....  72-38 

8  C 48  ....  7-75 

3  H 3  ....  0-48 

11  0 88  ....  14-22 

2  S  32  ....  5-17 


PbO,C«H»PbK)8,2SO"  619    ....  10000 

Caleulaiion,  according  to  Pehlinff,  ^  lOC^l 

4  PbO    448     ....    73-44  73-30 

8  C 48     ....       7-87  7-82 

2  H 2     ....      0-33  0-49 

10  0 80    ....     1311 

2  8 32     ....       5-25 


C8H»Pd<08,2SOS  610    ....     10000 


h.  Tribasie,  —  The  aboye-mentloned  liquid  purified  by  carbonate  of 
lead  from  free  sulphuric  acid  is  precipitated  with  neutral  acetate  of  lead 
without  previous  addition  of  ammonia.  The  air-dried  precipitate  gives 
off  51  p.  c.  (3  At.)  water  at  lOO''. 

Air^dricd,  Fehling. 

3  PbO 336  ...  62-92  62-01 

8C   48  ....  8-99  8-68 

6  H  6  ....  1.-12  1-26 

14  O  112  ....  20-98 

2  S  32  ....  5-99 

C8H»PbHy,2SO»  +  3  Aq.     534     ....  10000 

SulphfistLccinate  of  Silver.  —  The  acid,  not  in  the  free  state,  but  iu 
combination  with  ammonia,  forms  with  nitrate  of  silver,  a  white  pre- 
cipitate, which  is  completely  decomposed  by  washing  and  acquires  a  aark 
green  colour. 

Sulphosuccinic  acid  dissolves  rery  readily  in  alcohol  and  etJier* 
(Fehling.) 


Succinate  of  Methyl.    C»H»W=2C»H»0,C«H*0-. 

Fehling.    (1844.)    Ann.  JPharm.  49, 195. 
Bemtteintaures  Methyloxyd,  Bertutein/ormester, 

■ 

Preparation,  Hydrochloric  acid  gas  is  passed  through  warm  wood- 
spirit  in  which  puccinic  acid  is  dissolved  and  suspended,  till  a  sample 
yields  a  large  quantity  of  the  compound  ether  by  agitation  with  water; 
the  whole  of  the  liquid  is  then  precipitated  by  water,  the  compound  ether 
agitated,  first  with  water  containing  a  small  quantitv  of  carbonate  of 
soda,  and  then  with  pure  water^  after  which  it  is  driecT  over  chloride  of 
calcium  and  rectified. 

Properties,  At  ordinary  temperatures,  it  is  a  white  crystalline  mass 
of  sp.  gr.  1-11  at  19**;  melts  at  20*,  and  afterwards  solidifies  at  16*.  Boils 
at  198  .     Vaponr-density  =  5-29. 
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.  Nearly  inaoluble  in  water.  (Fehling.) 

Febling.                                 Vol.  Density 

12  0 72    ....     49*31     49*30            Cvapour    ...     12  ....    49920. 

10  H    10     ....       6-85     6-86             H.gas 10  ....     0-6930 

8  O    64     ....     43-84     43-64            Ogta 4  ....     4-4372 

C^H'^^O* 146    ....100-00    100-00         V»p.  ofC^HWO^    2  ..101222 

1  ...    5-0611 


Succinate  of  EthyL    c^«H"0«=2C*H*0,OH*0\ 

Fkl.  D*Arcbt.     (1835.)     Ann,  Chim.  Fhy9.  58,  291. 

Cahoubs.    N.  Ann.  Chim.  Fhys.  9,  206;  also  Arm,  Pkarm.  47,  294;  also 

J,  pr.  Ghent.  30,  244. 
FsHLiNO.    Ann.  Pharm.  Ad,  186. 

Sueeinic  Ether,  Benuieinrineiter. 

^  Formation  and  Freparation,  1.  One  pt.  of  concentrated  hydrochloric 
acid  is  distilled  with  2  pts.  succinic  acid  and  4  pts.  alcohol,' the  whole 
being  five  times  cohobated.  The  resulting  yellowish  oily  distillate,  like- 
wise containing  water,  hydrochloric  acid,  succinic  acid,  and  alcohol,  treated 
with  water  to  precipitate  the  succinic  ether;  and  this  ether  washed 
several  times  with  cold  water,  heated  till  the  boiling  point  becomes  con- 
stant, and  then  distilled' over  oxide  of  lead.  (D'Arcet.)  According  to 
Fehling,  the  oxide  of  lead  exerts  a  decomposing  action  — 2.  Hydro- 
chloric acid  gas  is  passed  through  a  solution  of  anhydrous  succinic  acid 
(CH^)  in  absolute  alcohol,  and  the  succinic  ether  precipitated  by 
water.  (Cahours.)  In  this  case,  chloride  of  ethyl  is  likewise  formed,  and 
consequently  the  equation  is: 

CH<0«  +  3C<H«0»  +  HCl  -  CWH"08  +  C*H»C1  +  4H0. 

(Cahours).  [If  the  formation  of  hydrochloric  ether  be  regarded  as  merely 
a  secondary  action  of  the  hydrochloric  acid  upon  the  alcohol,  the  equation 
will  be  simply: 

C«H40«  +  2C*H«03  =  CWH»Hy»  +  2H0.] 

3.  Hydrochloric  acid  ^as  is  passed  through  95  per  cent,  alcohol  in  which 
ordinary  succinic  acid  is  dissolved  and  diffused,  till  a  sample,  on  being 
mixed  with  water,  deposits  a  large  quantity  of  the  compound  ether;  the 
whole  of  the  succinic  ether  then  separated  by  water;  heated  in  the  water- 
bath  to  expel  small  quantities  of  admixed  hydrochloric  ether;  washed 
first  with  water  containing  a  little  carbonate  of  soda,  then  8  times  with  a 
small  quantity  of  pure  water;  dried  by  heat  over  chloride  of  calcium; 
distillea;  and  the  portion  which  goes  over  above  214^  collected  apart. 
(Fehling.)  —  Succinic  ether  is  also  quickly  formed  by  digesting  and 
evaporating  succinic  acid  with  alcohol  and  oil  of  vitriol,  but  it  is  not  pro- 
duced by  treating  hydrochloric  ether  with  succinic  acid.  (Fehling.)  —  It 
is  likewise  obtained  by  heating  succinic  acid  in  a  tubulated  retort  till  it 
begins  to  evaporate,  and  then  dropping  alcohol  into  the  retort.  (Gaultier 
de  Claubry,  ix,  1793.) 

Propertifs.     Transparent,  colourless  liquid,  oily  to  the  touch,  of  sp. 
gr.  1-03G,  boiling  at  214°.     Vapour-density  =  622   (6  11   accordin     to 
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Cahoura;  6'30  according  to  Fehling).     Has  a  sharp  burning  ta^te,  and 

smells  like  benzoic  ether.  (D'Arcet.) 

D'Arcet.  Cahours.        FehUng. 

16  C    96     ....     6517     55-31     5504     55-56 

14  H   14     ....      8-05    8-31     8-18    8-07 

8  0    64    ....     86-78     36-38     36-78     36-37 

QMQMos 174     ....  10000    10000     10000    10000 

Vol.  Density. 

C-vapour  16  6-6560 

H.ni 14  0-9702 

O-gas ^ 4  4-4372 


Vapour  of  Suocmic  cthcr.„.      2    12-0634 

I     60312 

If  the  acid  be  regarded  at  monobasic,  the  ether  is  C*H»0,C*H«0» ;  bat  if,  with 
ehling,  we  r^ard  it  as  tribasic,  the  ether  must  be  2C*H»0,H0,C?H»0*. 

Decompositions.  Succinic  ether  bums  with  a  yellow  flame.  (D'Arcet) 
—  2.  Dry  chlorine  gas  in  daylight  converts  it  by  substitution  into 
C"C1»H»0»,  and  in  sunshine  into  C"C1H»»0».  (Cahours.)  The  non- 
replacement  of  the  fourteenth  atom  of  H  by  CI,  is  favourable  to  Pehling's 
view,  according  to  which,  1  At.  H  is  contained  in  the  ether  (2C*H'0, 
HO,C*H»0')  as  HO.  —  3.  Ammoniacal  gas  has  no]action  on  succinic  ether, 
but  aqueous  ammonia  dissolves  it,  and  after  a  few  hours  deposits  white 
crystals.  (D'Arcet.)  The  white  powder  which  falls  down  on  agitating  the 
ether  with  aqueous  ammonia  is  succinamide.  (trebling): 

C"H»*08  +  2NH»  =  CWfl80*  +  2C*H«0». 

4.  With  aqueous  potash,  the  ether  is  resolved  into  alcohol  and  succinate 
of  potash.  (D'Arcet.)  —  5.  By  repeated  distillation  over  dry  oxide  of 
lead,  it  is  gradually  converted  into  alcohol  and  succinate  of  lead. 
(Fehling.)  — Recently  ignited  oxide  of  lead  dissolves  in  about  12  pts.  of 
succinic  ether;  the  solution  becomes  turbid  when  heated,  and  deposits 
white  succinate  of  lead;  boils  at  first  at  100°,  and  from  that  point  till 
the  boiling  point  has  risen  to  214°,  as  long  therefore  as  any  undecomposed 
ether  remains,  it  yields  a  distillate,  which  by  a  second  careful  distillation^ 
yields  at  first  tolerably  pure  alcohol,  and  at  last  a  compound  ether,  which, 
m  aocordaDoe  with  its  analysis,  must  be  regarded  as  hydiated,  and  when 
treated  with  chloride  of  calcium  is  converted  into  nearly  pure  sucoinio 

ether.  (Fehling.)  [The  formation  of  water  is  eiplatned  by  Fehling  in  acoordanoe 
with  his  view  of  the  coastitution  of  succinate  of  lead,  which  he  regards,  not  as 
2PbO,C<^H^O«,  but  as  2PbO,C8H30S;  bat  the  analysis  on  page  132  does  not  at  all  corro- 
borate this  view.]  —  6.  Potassium  decomposes  succmic  ether,  with  evolution 
of  hydrogen,  and  forms  a  viscid  brown  mass,  from  which  water  extracte 
succmate  of  potash,  and  separates  an  oil,  C"H^O*,  which  crystallizes  on 
cooling.  (Fehling.)  — The  evolution  of  gas  takes  place  even  at  ordinary 
temperatures,  but  is  accelerated  by  heat,  which  however  must  not  at  first 
exceed  40^,  because  the  mixture  becomes  spontaneously  heated  even  to 
projection;  when  the  action  is  strong,  the  evolved  hydrogen  has  a  pnngent 
odour.  If  a  sufiicient  quantity  of  potassium  has  acted,  the  liquid,  which  has 
a  brown  colour  (probably  due  however  only  to  secondary  action)  becomes 
stiff  and  viscid  on  cooling.  With  boiling  water  it  is  resolved  inte  a  solu- 
tion of  succinate  of  potash  [and  alcohol  ?]  and  a  light  yellow  oil  which 
floate  on  the  surface.     This  oil  solidifies  on  cooling  to  a  pasty  meuaap 
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which,  by  waahing  with  water  and  reorystallization  £rom  boiling  aloohol, 
is  converted .  into  a  yellowish  white,  bulky  substance,  having  a  silky 
lustre,  and  amounting  to  5  to  10  per  cent,  of  the  succinic  ether.  This 
substance  melts  at  133^,  and  sublimes  completely  at  206^  It  is  insoluble 
or  nearly  so  in  water,  but  dissolves  very  easily  in  hot  alcohol,  and  in  all 

froportions  in  cold  ether.  With  ammonia  it  forms  deep  yellow  needles, 
t  contains  56*43  per  cent.  C,  6*32  H,  and  37*25  0,  and  is  therefore 
C*H^O' =  C^'H^O*;  it  is  therefore  perhaps  the  conjugated  compound  of 
ether  with  Fehline's  hypothetical  anhydrous  succinic  acid  =  C*H*0,C*H*0* 
[or  of  ethylene,  U*H*,  with  hyp.  anhydrous  acid  =  C*H*0'].  It  is  ac- 
cordingly resolved  by  heating  with  potash-solution  into  alcohol  and 
succinate  of  potash  (Fehliug): 

OHH^  +  2K0  +  2HO  -  C^H«0«  +  CH^K'O^. 

[Hence  perhaps  the  decomposition  of  succinic  ether  by  potassium  may 
be  represented  by  the  following  equations;  first: 

2C»H»0«  +  2K  =  2H  +  C«H»K«OW 

(the  last  being  the  residual  viscid  mass,  which  is  perhaps  a  mixture). 
And  this  afterwards  yields  with  4H0  :  C«H*KK)«  +  3C*H«0»  (alcohol, 
the    separation    of   which    is    not    however    mentioned    by    Fehling) 

Succinic  ether  is  somewhat  soluble  in  water.  (Fehling.) 


p^    Oxygen-nudeUB,    C*H*0*. 

Anhydrous  Succinic  Acid.    C*h*o-=C^h*o*,0«. 

Felix  D'Akcet.  (1835.)    Ann,  Chtm,  Fhys,  58,  282;  also  Foffg.  36,  80: 
also  «/.  pr,  Chem,  3,  212. 

Suecinie  Anhydride,  Bemsteinsdure-Anhydrid,  wasser/reie  oder  hypolhetisch 
trockne  BemsUifMure,  Anfiydride  sueeinique,  Acide  succinique  anUydre, 

Formation  and  Frepiratlon.  1.  Succinic  acid  is  distilled  by  itself  at 
least  ten  times,  the  water  which  collects  in  the  receiver  above  the  acid 
being  each  time  removed  by  absorbent  paper.  —  2.  Succinic  acid  is 
heated  to  the  melting  point  in  a  tubulated  retort;  auhydrous  phosphoric 
acid  then  mixed  with  it  quickly  and  thoroughly;  the  mixture  slowly 
distilled;  and  the  distillate  again  twice  distilled  with  fresh  anhydrous 
phosphoric  acid:  C«HW=C*H*0«  +  2H0.  (D'Arcet.)  — 1[  3.  One  atom 
of  succinic  acid  heated  with  1  At.  pentachloride  of  phosphorus  yields: 
anhydrous  succinic  acid,  together  with  hydrochloric  acid  and  oxychloride 
of  phosphorus.  (Gerhardt  &  Chiozza,  Ann.  Fharm.  87,  293): 

C9H«08  +  PCI*  =  C8H^0»  +  2HC1  +  PCIK)^.  ^. 

Froperties.     White  crystalline  mass.     Melts  at  1 45°;  boils  at  250°. 

D'Arcct. 

(I)  (2) 

8  C 48     ....     48     47-96  ....  4803 

4H    4     ....       4    3-82  ....  4*18 

6  0 48     ....    48     48-22  ....  47*79 

C^HH^ 100    ....  100    100-00    ....  100-00 
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Anhydrous  sucoinio  acid  immersed  in  ammoniacal  gas,  is  converted 
with  evolution  of  heat  and  formation  of  water,  into  bisuccinamide: 

C?H*0«  +  NH»  =  C»NH«0«  +  2H0. 

It  does  not  absorb  moistare  from  the  air.  Dissolves  in  water,  bat 
less  quickly  than  the  hydrated  acid,  and  separates  out  in  the  form  of  the 
latter. 

It  dissolves  in  alcohol  more  readily  than  in  water,  bat  is  very 
sparingly  soluble  in  ether.  (D'Arcet.) 


f  Chloride  Of  Succinyl.   C«HK)*,CR 

Gerhardt  &  Chiozza.     Compt.  rend.  36, 1050;  InAit,  1853,  253;  Ann. 
Pharm.  87,  293;  Jahrether.  1853,  394. 

Formed  by  the  action  of  1  At.  pentachlorido  of  phosphorus  on  1  At. 
anhydrous  succinic  acid: 

C8H<0<,02  +  PCP,C12  «  C8H*CM,C12  +  VOKfi. 

Hence  it  is  obtained  by  the  action  of  2  At.  pentachlorido  of  phosphorus 
on  1  At.  hydrated  succinic  acid.  The  action  then  consists  of  two  stages, 
the  first  beiuff  the  formation  of  anhydrous  succinic  acid,  as  shown  on 
page  135;  and  the  second  that  just  given. 

Strongly  refracting  liquid,  which  fumes  in  the  air,  and  has  a  pene- 
trating odour,  like  that  of  damp  straw.  Sp.  gr.  1*39.  Boils  at  l90^ 
When  boiled  for  some  time,  it  sufiers  partial  decomposition,  a  small 
quantity  of  carbonaceous  matter  being  left  behind:  hence  its  vapour- 
aensity  could  not  be  determined.  In  contact  with  moist  air,  it  is  con- 
Terted  into  crystallized  succinic  acid.  Absolute  alcohol  acts  upon  it 
with  rise  of  temperature,  hydrochloric  acid  being  copiously  evolved  and 
succinic  ether  formed: 

C8H*0<,CP  +  2  (^*0»)  -  C9H*(C^H*)20«  +  2HC1. 

Aniline  acts  violently  on  chloride  of  succinyl,  forming  succinanilide. 
(Gerhardt  &  Chiozza.)  % 


b.    Bromine-nucleus,  C'Br*H'. 

Bibromobutyric  Acid. 

C«Br*H«,0*. 

Cahours.  (1847.)    iV".  Ann.  Clirn,  Flys,  19,  495;  alto  J.  pr.  C/um. 
41,  67. 

BibrombuiienUure,  Aeide  bromocitrcnique» 

Formation.     In  the  decomiwsition  of  itaconatc  or  citraconate  (not  of 
butyratc,  p.  83  )  of  potash  by  Irominc  (vid.  Citraconic  acid). 
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Preparation,  BromiDe  is  added  in  suocessive  portions,  till  slightly 
in  excess,  to  a  solution  of  1  pt.  citraconate  of  potash  in  Hpt.  water, 
whereup«)n,  carbonic  acid  is  evolved  and  a  heavy  oil,  amoanting  to  j-  of 
the  acid,  is  deposited.  From  this  oil,  after  washing  with  water,  the  acid 
is  extracted  by  dilate  potash;  and  the  alkaline  liquid  decanted  from  the 
small  residual  quantity  of  neutral  oil,  and  supersaturated  with  hydro* 
chloric  acid,  which  sometimes  separates  an  oily  acid,  sometimes  a  battery 
mixture  of  this  oil  with  a  crystalline  modification  of  bibromobatyric 
acid  more  soluble  in  water  than  the  oily  acid. 

OUy  acid.  *—  The  precipitated  oil  is  washed  with  water,  till  it  no 
longer  prodnces  a  doad  in  a  silver-solution,  or  till  the  tarbidity  disap- 
pears on  the  addition  of  a  small  quantity  of  nitric  acid;  after  which  it  is 
dried  in  vacuo  over  oil  of  vitriol. 

CrystaUine  acid.  —  Often  formed  spontaneonsly  from  the  oily  acid. 
Frequently  also  produced  at  once  when  the  acid  is  separated  from  the 
neutral  oil  by  potash,  as  above  described,  and  the  alkaline  liquid  super- 
saturated with  dilute  nitric  acid;  the  acid  then  separates  in  crystalline 
flakes,  which  are  washed  with  the  smallest  possible  quantity  of  cold 
water,  well  dried,  dissolved  in  ethor,  and  left  to  crystallize  by  spontaneous 
evaporation. 

Properties,  The  oily  acid  is  pale  yellow,  much  heavier  than  water, 
has  a  faint  odour  in  the  cold,  but  an  irritating  odour  at  higher  tempe- 
ratures and  a  pungent  taste.  The  crystalline  acid  forms  long  silky 
needles,  which  melt  at  a  gentle  heat,  and  volatilize  at  a  higher  tempera- 
ture, leaving  only  a  small  carbonaceous  residue. 

Cahoars. 

a,  b,  c. 

8C 48    ....     19-51     ....     19-32  ....  19*46  ....  1966 

2  Br. 160    ....     6504     ....     64*38  ....  65*14  ....  64*99 

6H 6    ....       2-41     ....       2-41  ....  2*34  ....  2*39 

4  0 32  ....  13*01  ....  13-89  ....  13-06  ....  12*96 

C«Bi«H«0< 246  ....  100*00  ....  10000  ....  100*00  ....  100*00 

a,  oily  acid  from  citraconate  of  potash;  6,  from  itaconate;  e,  crystalline  acid* 

Decompositioyis.  1.  The  oily  acid  is  partially  decomposed  by  distil- 
lation, giving  off  vapours  of  bromine.  —  2.  It  dissolves  in  gently  heated 
oil  of  vitriol:  and  is  but  partially  precipitated  therefrom  by  water.  — 
3.  Both  the  oily  and  the  crystalline  acid  become  strongly  heated  by 
contact  with  concentrated  potash,  and  give  off  a  peculiar  odour,  after 
which,  even  concentrated  acids  separate  nothing.  —  4.  The  alcoholic  so- 
lution of  the  potash-salt  of  the  oily  acid,  treated  after  the  manner  of 
Melsens  with  potassium-amalgam  (ix.  211)  deposits  bromide  of  potas- 
sium, and  afterwards  on  addition  of  sulphuric  acid,  yields  a  crystalline 
substance,  having  the  odour  of  the  volatile  soap<  acids,  and  dissolving 
very  easily  in  water,  especially  when  hot. 

Combinations.  The  oily  acid  is  but  sparingly  soluble  in  water;  the 
crystalline  acid  dissolves  uretty  readily. 

With  Ammonia  the  oily  acid  forms  an  acid  salt,  which  crystallizes  in 
yellowish  white,  unctuous  scales,  easily  soluble  in  water  and  alcohol. 
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16  C. 

N. 

4  Br. 

15  H  . 

Ciygtah  dried  in  vacuo, 

96 

14 

320 

15 

....        lo'oO       ... 

....        £'79     ... 

....    62-87    ... 

....               4b*!ld          ... 

....     12-57     ... 

Cahounu 

18-94 

2-88 

63-18 

3-26 

8  O  . 

64 

11«74 

C«Bf«Ii 

l»(NH<)0^,C«Br»H«0*      509 

....  10000     .. 

10000 

The  crystalline  acid  forms  soluble  crystallizable  salts  with  pciask  and 
9odaf  sparingly  soluble  salts  with  the  oxides  of  lead  and  silver. 

The  ammonia-»aU  of  the  oily  acid  forms  with  nitrate  of  nher  a 
curdy  precipitate,  which  is  slightly  soluble  in  cold  water,  and  when  left 
to  stand  for  some  time,  unites  into  a  pitchy  mass;  after  quick  drying  in 
vacuo,  it  forms  a  white  powder,  which  when  ignited  leaves  58*57  p.  o. 
bromide  of  silver,  and  therefore  contains  30*77  p.  c.  silver,  which  agrees 
with  the  formula  C»Br»H*AgO*. 

The  oily  acid  mixes  in  alt  proportions  with  alcohol  and  ether;  and 
the  crystalline  acid  dissolves  readily  in  those  liquids.  (Gahours.) 


Conjttffoted  Compound. 

Bibromobutyric  Ether. 

C»Br»H»0*  =  C*H'O,C«BraH»0«. 

Obtained  with  difficulty,  by  saturating  a  solution  of  bibromobutyric 
acid  in  absolute  alcohol  heated  to  70°  or  80°,  with  hydrochloric  acid  gas, 
then  distilling;  mixing  the  distillate  with  water;  washing  the  oil  thereby 
precipitated,  first  with  a  very  dilute  solution  of  carbonate  of  soda,  then 
with  pure  water  to  remove  hydrochloric  and  free  bibromobutyric  acid; 
and  lastly  drying  it  in  vacuo  over  oil  of  vitriol. 

Nearly  colourless  oil,  heavier  than  water.  Has  but  a  faint  odour  in 
the  cold,  but  when  heated  emits  an  extremely  pungent  odour  which 
excites  tears.     Tastes  very  sharp,  like  horse-radish. 

It  is  partially  decomposed  by  distillation  and  leaves  a  carbonaceous 
residue.  (Cahours,  N,  Ann,  Chim,  Fhys,  19,  499;  also  J,pr,  Chem.  41,  71.) 

Cahonrs. 
12  C  72    ....    26'28    2603 

2  Br 160    ..„     58-39     5806 

10  H 10     ....       3-65     3-63 

4  0 32     ....     11-68     12-28 

Ci2Bi«H»oO*  274     ....  100-00    100-00 


c.    Chlorine-nudei. 
a.    Chlorine-nudeue.    (?C1H'. 

Chlorobutylene.   CKHH^ 

Chancel.  (1845.)    iV.  «7.  Fharm.  7,  253;  abstr.  Compt,  rend.  20,  865. 

Cfklorhutyren,  BvJtyrine  Mori  (Cbanoel);    Chlorvre  de  Butyrile  (Cahoun); 
Chlorobuij^rtue  (Laareni) ;  Bvtak  (6m.] 
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fr^rcUian  (p.  74).  1^  pt.  pentachloride  of  phosphorus  is  added  in 
saccessive  portions  to  1  pt.  of  hutyral  in  a  tubulated  retortj  a  few  hot 
coals  placed  under  the  retort  as  soon  as  the  ebullition  and  evolution  of 
hydrochloric  acid,  which  soon  take  place,  have  slackened;  the  mixtare 
distilled  till  the  black  residue  begins  to  swell  np;  the  resulting  distillate 
rectified  three  or  fonr  times;  then  washed  with  water,  shaken  up  with 
solution  of  carbonate  of  potash,  and  finally  distilled  over  chloride  of 
calcium. 

Pi'operties,  Colourless,  very  thin  liquid,  lighter  than  water,  boiling 
somewhat  above  100°,  having  a  tolerably  brisk,  peculiar  odour  and 
biting  taste. 

Bums  with  a  green-edged  flame. 

Insoluble  in  water,  but  dissolves  in  all  proportions  in  alcohol  and 

ether;  the  alcoholic  solution  when  recently  prepared  does  not  produce  any 

tnrbidity  in  a  solution  of  nitrate  of  silver.  (Chancel.) 

The  liquid  obtained  bj  diBtilltng  butyrone  with  pentachloride  of  phosphomSf 
redifltiiliog  several  times  with  fresh  pentachloride  to  ensure  complete  decomposition  of 
the  butyrone,  and  purifying  in  the  manner  adopted  for  the  compound  ethers,  is  a 
transparent,  colourless  liquid,  lighter  than  water,  boiling  at  116^,  of  peculiar  penetrating 
odour ;  it  bums  with  a  green-bordered  flame ;  is  insoluble  in  water ;  but  dissolves'  in  all 
proportions  in  alcohol ;  and  the  solution  does  not  produce  any  turbidity  in  a  solution  of 
nitrate  of  silver.  (Chancel.)  —  Chancel  regards  tUs  liquid,  according  to  an  unpublished 
analysis,  as  C^^H^l,  and  names  it  Chiorobutyrine.  But  the  agreement  of  its  properties 
with  those  of  CK^IH'  suggests  the  identity  of  the  two  compounds,  and  renders  a  repe* 
titioa  of  the  analysis  desirable. 

Chlorobutyral.    C^ClH^O*. 

CHAhXEL  (1845.)    i\r.  J,  Fharm.  7,  350;  abstr.  Compt.  rend.  20,  865. 

Preparation.  Well-dried  chloriue  gas  passed  through  butyral  by 
daylight,  is  at  first  quietly  absorbed,  with  evolution  of  heat  and  pale  red 
colouring  of  the  liquid;  but  afterwards  the  liquid  acquires  a  yellow 
colour,  gives  off  abundance  of  hydrochloric  acid  gas,  and  after  two 
hours  is  found  to  be  saturated  with  chlorine.  The  liquid  is  then  heated 
nearly  to  the  boiling  point,  and  a  rapid  stream  of  carbonic  acid  gas 
passed  through  it  to  expel  free  chlorine  and  hydrochloric  acid,  after  which 
it  is  rectified  once  or  twice. 

Properties.  Transparent,  colourless  liquid,  heavier  than  water,  boil- 
ing at  about  141^,  and  distilling  without  decomposition;  has  a  pungent, 
tear-exciting  odour;  neutral. 

Bums  with  a  green-bordered  flame.  Does  not  form  an  amide  with 
ammonia. 

Insoluble  in  water,  but  dissolves  in  alcohol,  forming  a  solution  which 
does  not  cloud  nitrate  of  silver.  (Chancel.) 

%    Chloride  of  Butyryi.   C«IF0«,C1. 

Gbrhardt.    Ann.  Pharm.  87,11. 

ForTnation  and  Preparation,  By  the  action  of  1  At.  oxychloride 
of  phosphorus  on  3  At.  dry  butyrate  of  soda : 

3C«H7NaO*  +  PO»CP  -  3(C«HW,C1)  +  3NaO,PO». 


140  butylbne:  chlorin£«nucleus  ck;phc. 

The  botjrrste  of  soda  must  be  palverized,  and  added  bj  sinall  portions 
to  the  oxjchloride  of  phosphorus  contained  in  a  tubulated  retort;  if,  on 
the  contrary,  the  oxychloride  were  poured  upon  the  butyrate,  a  large 
quantity  of  anhydrous  butyric  acid  would  be  fbnned,  (p.  88,)  in  con- 
sequence of  the  oxychloride  coming  at  once  in  contact  with  an  excess 
of  butyrate  of  soda.  The  mixture  is  then  distilled,  and  the  liquid 
distillate  rectified  over  a  very  small  quantity  of  the  butyrate,  the  tem- 
perature being  kept  as  low  as  possible,  to  prevent  the  anhydrous  buty- 
ric acid  formed  during  the  rectification,  from  distilling  over  with  the 
chloride. 

Properties.  Colourless,  veiy  mobile,  strongly  refracting  liquid 
beavier  than  water,  and  fuming  slightly  in  the  air.  Boils  without  de- 
compoifition  at  95^  Has  a  pungent  odour  like  butyric  and  hydrochloric 
acid  together. 

Gerhardt. 

8  C 48*0     ....     45-08     44-96 

7  H 70    ....      6-57     6  70 

CI    354     ....     33-32     33-07 

2  0 16-0     ....     15-03     15-27 

C«H709Cl  106-4     ....  10000    10000 

Metameric  with  chlorobutyral  (p.  139). 

Chloride  of  butyryl  is  immediately  decomposed  by  water,  with  forma- 
tion of  butyric  and  hydrochloric  acids  : 

C^HWCl  +  2HO  -  C"H»0<  +  HCl. 

Distilled  with  excess  of  butyrate  of  soda,  it  yields  anhydrous  butyrio 
acid  and  chloride  of  sodium,  (p.  88.)  It  acts  very  strongly  upon 
aniline,  forming  hydrochloric  acid  and  butyranilide,  C*'H"NO'.  (Ger- 
hardt.) H. 


j9.    Chhrine-nueleui.    C»C1*H«. 

Bichlorobutyral.   CKiPHW 

When  dry  chlorine  gas  is  passed,  for  three  hours,  in  sunshine  through 
butyral,  the  action  is  observed  to  slacken  at  a  certain  point;  and  if  a 
rapid  stream  of  carbonic  acid  gas  be  then  passed  through  the  heated 
liquid,  and  the  liquid  afterwards  rectified,  a  neutral  oil  is  obtained,  wkich 
boils  at  200^  (Chancel,  K  J.  Fharm.  7,  351.) 


Bichlorobutyric  Acid,    c«Cl«H«,0*. 

Pelouzb  &  G&is  (1844).     I^.  Ann.  Chim.  Thys.  10,  447. 

Formation  (p.  83).  —  Preparation,  "Dtv  chlorine  gas  is  passed,  in 
bright  sunshine,  through  butyric  acid  contained  in  a  Licbig's  bulb-appa- 
ratus, the  acid  heated  to  70  or  80°,  as  soon  as  the  absorption  is  com- 
plete, and  carbonic  acid  gas  passed  through  it  to  expel  hydrochloric 
acid. 
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Properties.  Coloorless  yiscid  liqaid^  heavier  than  water^  and  having 
a  pecaliar  odour. 

Pdome  &  G^lif . 

8C 48'0    ....    30-61    30-79 

2  CI    70-8     ....     45-15     

6H 6-0    ...      3-83    4-02 

4  0 32-0     ....    20-41     

C^PHKH 156-8    ....  100-00 

The  acid  may  bj  great  care  be,  for  the  most  part,  distilled  without 
decomposition;  bat  a  smaill  quantity  of  hydrochloric  acid  is  always 
evolved,  and  the  distillate  has  a  different  odour.  This  decomposition 
takes  place  above  164^  —  The  acid  bums  with  a  green  flame,  diffusing 
a  large  quantity  of  hydrochloric  acid. 

The  acid  is  nearly  insoluble  in  water. 

It  forms  very  soluble  salts  with  ammonia,  potash,  and  soda.  The 
potash-salt  forms  a  very  sparingly  soluble  precipitate  with  nitrate  of 
silver. 

The  acid  dissolves  in  alcohol  in  all  proportions.  (Pelouze  Sc  661is.) 


7.    Chlortne-nudeui.    (?Cl*H*. 

QuadricUorobutyral.   C«C1*H*,0». 

Chlorine  gas  is  passed  for  several  days  in  burning  sunshine  through 
butyral,  after  it  has  been  converted  into  bichlorobutyral,  the  liquid  being 
heated  towards  tiie  end  of  the  process,  and  the  passage  of  the  gas  con- 
tinued as  long  as  hydrochloric  arid  gas  continues  to  form.  When  this 
oint  is  attained,  the  passage  of  chlorine,  even  for  weeks  and  in  sun- 
shine produces  no  further  effect. 

Thick,  neutral,  very  heavy  oil.  —  Boils  at  a  high  temperature,  and 
with  decomposition. 

Insoluble  in  water,  but  dissolves  in  alcohol  and  ether.  (Chancel, 
N,  J,  Fkarm.  7,  351.) 


Quadrichlorobutyric  Acid.   C*C1*H*,0«. 

Chlorine  gas,  as  made  to  act  upon  butyric  acid  in  sunshine,^  till  the 
bichlorobutyric  acid  produced  at  first,  is  converted,  after  some  time,  into 
a  white  solid  mass,  which  may  be  pressed  between  paper,  and  purified  by 
crystallisation  from  ether. 

White  oblique  rhombic  prisms,  which  melt  at  140^  distil  without 
decomposition,  and  smell  like  butyric  acid. 

The  acid  is  insoluble  in  water,  but  dissolves  very  readily  in  ether 
and  alcohol;  and  its  potash-salt  forms  a  white,  sparingly  soluble  preci- 
pitate with  nitrate  of  silver.  (Pelouze  k  Qelis,  If.  Ann.  Chim.  Phyn. 
10,  447.) 
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Crystala.  Pdouze  &  G^is. 

8  0 48-0  ....     21-28     20-41 

4  01 141-6  ....     62-76 

4H 4-0  ....       1-77     1-82 

4  0 32-0  ....     14-19 

C*CI*H<0* 225-6  ....  lOO'OO 


a.    Oklarine^nucleu$.    (?C1*H*0\ 

Qaadrichlorosnccinic  Acid. 

C8C1*H»0»= CH31*H«0*,0«, 

PcANTAHovR.  —  Laurent.    Compt,  rend.  26,  36. 

Aeide  UcKhroxdlique  (Plantamour) ;  Acide  mccinigue  quadriehlorS.    (Laarent). 

Chlorine  forms  "with  citrio  acid  an  oil  =  C^^CFO^  and  with  raccinate 
of  Boda  an  oil  =  C^^^CPO*.  Both  these  oils  yield,  by  distillation  with 
potash,  a  salt  =  C«C1*K»0«.  (Plantamour.)  ~  The  first  oil  may  be 
regarded  as  C'<<]JP°0*,  and  the  equation  is  : 

CiociiOQ*  +  lOKO  «  C8Cl^K?08  +  2(K0,C0;)  +  GKCi; 
with  the  second  oil  the  equation  is  : 

O^CVK)^  +  HO  +  7K0  «  CSCl^K«08  +  C«HKO*  +  4KCl; 

it  remains  to  be  shown,  that  formiate  of  potash  is  produced  in  this  latter 
reaction.  (Laurent.) 

Conjugated  Compounds  of  ike  Chlorine-^udei, 

Bichlorobutyric  Ether. 

C»CPH  ^00*= OH»0,C«CPH»0*. 

The  solution  of  bichlorobutyric  acid  in  alcohol  deposits,  when  gently 
heated  with  oil  of  vitriol,  an  oily  compound  ether  having  an  ethereal 
odour;  it  may  be  washed  with  water  and  distilled.  (Pelouie  &  Gelis.) 

Pdouze  &  G^lis. 
12  0   72-0    ....     38-96    39-40 

2  01 70-8    ....    38-31 

JO  H  100    ....      6-41     4-95    ' 

4  O  32-0     ....     17-32 

C»«Oim»W    184-8     ....  100-00 

Qnadrichlorobutyric  Ether. 

C^'*C1*H«0*= C*HK),C«C1*H  W. 

I.  n^^r'^  1*  f^l'^*^^^  ^^  qnadrichlorobutyric  acid  in  several  times  its 
bulk  of  alcohol,  oil  of  vitriol  immediately  forms  a  crystalline  mass, 
which  melts  at  a  gentle  heat  and  separates  into  two  liquids.      The 
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hearier  of  these  liqnids  is  qnadrichlorobntyrio  ether.  It  has  an  ethereal 
odoar  like  that  of  the  preoeding  compound  and  of  batyric  ether;  barns 
with  green  flame  and  white  fames,  is  very  sparingly  solable  in  water, 
bnt  dissolves  abundantly  in  alcohol  and  ether.  (Pelonse  A  Qkl\B,  N,  Ann* 
Ghim.  Fhy$.  10, 449.) 


Ferchlorosuccinic  Ether. 

^•Cl"HO«= 2C*C1*0,C«CPH0«. 

Ca&ours  (1843J  Jf.  Ann,  Ckim,  Phys.  9,  206;  also -inn.  Pharm,  47 

294;  also  J\pr.  Ckem,  30,  244. 
Malaouti.    N,  Ann,  Chim,  Phys,  16,  66;  abstr.  coviipU  rend,  21,  747; 

abstr.  /.  pr,  Chem,  37,  433. 
Oebhardt.    j^.  J.  Pharm,  9,  307;  14,  238,  and  291. 

PerehlorbenuieinoineBter,  PerekiorbemiMndiher,  ither  cMoro$uecinique,  Sihef 
ptrthhroiuceiniqut. 

Formation  and  Preparation,  Sticcinio  ether  exposed  to  sunshine  in 
a  bottle  filled  with  chlorine  gas,  is  converted  in  a  few  days  into  a  white 
crystalline  mass,  which  must  be  pressed  between  paper,  washed  with  a 
small  quantity  of  ether^  pressed  again,  and  crystallited  from  ether. 
(Cahours,  p.  134.) 

Propertiei.  Small  snow-white  needles,  which  hare  a  strong  tendency 
to  interlace.  Melts  at  115°  to  120°,  and  distils  over,  partly  nndecom- 
posed,  at  a  stronger  heat.  Smells  like  other  similar  chlorine-compounds. 
(Cahours.) 

Cahours. 

16  C  960    ....     15-45    15-25 

13  CI 460-2     ....     7409     74-25 

H  1-0    ....      0-16     ....;..      0-67 

8  O 64-0    ....     10-30 9-83 

C>Kn»H08 621^2     ....  100*00    lOO'OO 

Laurent  (Con^t.  rend.  35,  381,)  Assigns  to  this  Compound  the  formula  C^^Cl^^O^, 
which  however  requires  14*7  p.  c.  carbon  and  75*4  chlorine. 

DecomposUionB.  1.  Ferchlorosuccinic  ether  distilled  at  290°,  conti- 
nually gives  off  carbonic  acid,  and  yields  a  thick,  oily,  fuming  distillate. 
This  distillate,  when  covered  with  water,  which  then  takes  up  hydro- 
chloric, terchloracetic,  and  chlorosuccic  acids,  diminishes  considerably  in 
a  few  weeks,  and  is  converted,  by  crystallization  of  sesquichloride  of 
carbon,    into  a  solid  magma.    (Malaguti.)  — CWCFHO^*  2C0«+C*C1«+ 

C^Cl^Os  (chloraldehyde,  which  then,  together  with  2HO,  yields  HQ  and  C^CPHCM 
[tercbloraoetic  add] )  +  CKill'HO'  (a  chlorosuccide  not  known  in  the  separate  state, 
which  then,  with  2H0,  forms  chlorosuccic  acid,  C'Cl'H^O^).  (Gerhardt) 

2.  When  dry  ammoniacal  gas  is  passed  over  the  finely  pounded 
ether,  the  latter  becomes  hot  and  cakes  together,  and  at  the  same  time 
specular  scales  are  deposited  from  the  stream  of  gas.  If  the  mass  be 
pulverized  as  often  as  the  gas  ceases  to  act,  and  ammonia  again  passed 
over  it  as  long  as  heating  and  absorption  take  place,  a  chocolate-coloured 
crystalline  mass  is  obtained,  which,  when  treated  with  ether,  leaves  a 
residue  of  sal-ammoniac,   together  with  a  small  quantity  of  matter 
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resembling  paiaovanogen^  the  ether  at  the  same  time  takio/^  up  chloro« 
carbethamide  ana  chlorazosnccate  of  ammonia,  which  most  be  separated 
by  water.  (Malaguti.).  —  According  to  Oerhardt,  the  compound  ether 
acqaires  by  the  action  of  ammonia,  only  a  very  faint  yellowish  tint,  and 
yields  nothing  but  sal-ammoniac,  chloraoetamide  (ix.  270),  and  chlora- 
zosnccate of  ammonia,  (x.  37.)  — *  ^^rhardt's  equation  is  therefore,: 

C"C»HO»  +  7NH»  -  SNHKl  +  2C<NC1»H*0»  +  NH»,CSNC1<H«0<. 

Since  (Oerhardt  has  demonstrated  the  identity  of  chloroearbethamide, 
(prepared  from  the  ether  by  the  action  of  dry  as  well  as  of  aqueous 
ammonia,)  with  chloraoetamide,  the  more  complicated  equation  given 
by  Malagnti  is  no  longer  admissible.  —  Aqueous  ammonia  in  contact 
with  pulverized  and  recently  prepared  perchlorosuccinic  ether,  becomes 
80  strongly  heated  as  to  be  thrown  out  of  the  vessel;  but  the  ether  of 
older  preparation  is  dissolved  by  ammonia  with  the  aid  of  a  gentle  heat, 
forming  a  yellow  liquid,  which  contains  the  same  three  products  that  are 
obtain^  by  the  action  of  ammoniacal  gas.  (Malaguti.)  That  the  crystals 
obtained  in  this  reaction  are  not  chlorocarbethamide,  as  Malaguti  for- 
merly supposed,  but  chloraoetamide,  as  shown  by  Gerhardt,  has  since 
been  admitted  by  Malaguti  himself,  (N,  J.  Fkarm.  14,  288,)  who,  how- 
ever, still  maintains  that  his  chlorocarbethamide,  prepared  with  ammo- 
niacal gas,  is  different  from  chloracetamide,  and  now  regards  it  as 
C»N»CPH«0*  =  2C*NC1»H»0«  (chloracetamide)  +  C»NC1H«  (unknown 
compound). 

3.  Perchlorosuccinic  ether,  heated  with  a  concentrated  solution  of 
three  times  its  weight  of  hydrate  of  potash,  dissolves  quickly,  without 
any  evolution  of  chloroform,  producing  a  liquid  which  contains  chloride 
of  potassium,  and  carbonate,  formiate,  and  chlorosuccate  of  potash. 
(Malaguti.) 

C»«C»HO»  +  8HO  +  19K0  •»  lOKCl  +  6(K0,C0»)  +  2C>HK0<  +  C«C1»H»K0<. 

4.  Perchlorosuccinic  ether  dissolves  in  alcohol,  but  only  with  aid  of 
heat,  and  is  at  the  same  time  completely  decomposed.  From  the  solu- 
tion, which  contains  hydrochloric  acid,  water  throws  down  an  oily 
mixture  of  carbonic  ether  (viii.  392),  terchloraoetic  ether  (ix.  237), 
and  chlorosuccic  ether  (Malagnti).  —  Chlorosuccic  ether  is  not  known 
in  the  separate  state.  Malaguti  supposes  it  to  be  C'^I'H'O';  but 
according  to  Oerhardt*s  formula  of  chlorosuccic  acid  (ix.  430),  it  must  be 
reffarded  as  C*H*0,  CCl^HW  =  C^^IWO*,  and  then  the  equation 
wQl  be: 

Ci«ClMHO«  +  5C4HW  «  4HC1  +  2C»H*03  +  2C8CPH*0*  +  C^OCPH^O*. 

Carbonic     terchloracetic 
ether*  ether. 

According  to  Malaguti's  formula  of  chlowsuccio  ether,  IHO  should  be 
formed  at  the  same  time]. 
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a,     Amidogeni-nucUL 
d.    Amidogen-nxichuB*     C'AdH^. 

» 

Butyramide. 

C»NH»0«=C«AdH',0*. 

ClIA^x£L,     Compt,  rend.  18,  949. 

Formation  (p.  9\), -^^  Preparation.  1  pt.  of  butyric  ether  is  briskly 
agitated  with  G  pts.  of  aqueous  aminoDta  till  it  has  completely  disap- 
peared, which  takes  place  in  about  eight  days,  after  which  the  liquid 
is  evaporated  down  to  one>tliird,  and  left  to  crystallize  by  cooling. 
(Chancel.) 

Propoiies,  Snow-white,  nacreous,  transparent  tables,  which  melt  at 
115°  to  a  colourless  liquid,  and  evaporate  without  residue.  Have  a 
sweet  and  fresh  taste  with  bitter  after-taste.  Permanent  in  the  air. 
(Chancel.) 

Calculatioii,  according  to  Chancel. 

8  C  48  ....  55*17 

N  14  ....  16-09 

9  H  9  ....  10-35 

2  O  16  ...  18-39 

C8NH«0« 87  ....  100-00 

Decompositions.  1.  The  vapour  of  butyramide  is  inflammable. 
(Cliancel.)  —  2.  When  passed  over  rod-hot  lime,  it  yields  butyronitrile 
(Laurent  &  Chancel): 

C«NH»0«  «  e»NH7  +  2H0. 

3.  Butyronitrile  is  likewise  obtained  by  distilling  butyramide  with 
anhydrous  phosphoric  acid.  (Dumas,  Malaguti  &  Leblanc.)  —  4.  The 
aqueous  solution  of  butyramide  is  decomposed  by  boiling  with  fixed 
alkalis,  yielding  ammonia  and  an  alkaline  butyrate  (Chancel): 

C8NH»02  +  HO  +  KO  «  NH»  +  C^IFKO^ 

5.  With  pentachloride  of  phosphorus,  butyramide  forms  butyronitrile, 
hydrochloric  acid,  and  chlorophosphoric  acid  (Cahours,  Compi,  rend. 
25,  825): 

C«NH«08  +  PCI*  -  C«NH7  +  2HC1  +  PClW. 

G.  In  cold  nitric  acid  through  which  nitric  oxide  gas  is  passed,  butyra- 
mide is  resolved  into  butyric  acid,  water,  and  nitrogen  gas  (Piria, 
N.  Ann.  Chim.  Phys.  22,  17T): 

CNH'O*  +  N03  -  C«H80*  +  HO  +  2N. 

Combinations.  Butyramide  dissolves  readily  in  water^  especially  in 
hot  water.  (Chancel.) 

%  Mercury- ompound,  C*NH*IIgO'. — When  but3rramide  and  mercuric 
oxide  are  boiled  together  in  water,  a  solution  is  formed  which  by  evapo- 

VOL.  X.  L 
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ration  yields  this  compound  in  thin  nacreous  crystals,  resembling  those 

of  botyramide  but  having  a  higher  lustre.  (Dessaignes,  Ann.  Fharm, 

82,  234.) 

Dessaignes. 

8  C 48  ....  25-81 

N 14  ....  7-53 

8  H 8  ...  4-30 

2  0 16  ....  8-60 

Hg  100  ...  53-76    53-89 

C8NH»HgO*  ....  186    ....  100-00 

This  compound  is  soluble  in  cold  water.  (Dessaignes.)  IT 
Butyramide  dissolves  in  alcohol  and  ether,  (Chancel.) 


f .  Butylamine.. 

C«NH"=C*AdH^H^ 

WuRTZ.     N.  Ann.  Chim.  Phys.  42,  164;  Ann.  Fharm.  92,  124. 
BiUyramine,  BtUyriaqM,  BvJtyliaquef  ButyUa. 

Fonnation.  By  the  action  of  potash  on  cyanate  and  cyan  urate  of 
butyl. 

Freparation.  2  pts.  of  sulphobutylate  of  potash  are  distilled  with 
1  pt.  of  recently  prepared  and  perfectly  dry  cyanate  of  potash;  the  pasty 
mixture  of  cyanate  and  cyannrate  of  hntyl  which  distils  over,  dissolved 
in  alcohol;  and  the  solution  boiled  with  fragments  of  caustic  potash. 
Carbonate  of  potash  is  then  formed,  and  butylamine  distils  over,  and  is 
condensed  in  a  small  quantity  of  cold  water  acidulated  with  hydrochloric 
acid.  The  boiHng  is  continued  till  the'residue  fuses  completely,  and  no 
longer  gives  off  alkaline  vapours.  The  resulting  solution  of  hydro- 
chlorate  of  butylamine  is  evaporated  to  dryness;  and  the  residual  salt 
freed  by  fusion  from  the  water  which  it  retains,  pulverized  when  cold, 
and  quickly  mixed  with  an  equal  weight  of  quick  lime.  This  mixture  is 
then  introduced  into  a  tube  of  hard  glass,  which  must  be  filled  with  it 
to  about  four-fiftlis;  the  upper  part  of  the  tube  filled  with  fragments  of 
caustic  baryta;  a  gas-delivery  tube  bent  at  right  angles  adapted  to  the 
larger  tube,  and  made  to  pass  into  a  small  flask  surrounded  with  ice; 
and  the  tube  carefully  heated  in  a  combustion-furnace,  from  the  closed 
end  onwards.  ■  The  evolved  butylamine  is  then  completely  dehydrated  by 
the  caustic  baryta,  and  coiiden.ses  in  the  cooled  flask. 

Properties.  Transparent,  colourless  liquid,  having  a  strongly  ammo- 
niacul  and  somewhat  aromatic  odour,  and  producing  dense  white  fumes 
with  hydrochloric  acid.     Boils  at  G9^  to  70^ 

Wurti. 

8  C  48    ....     65*75     66-58     ....     65-87 

Jj  14  .. ,  19*19 

11  H 'ZZ'Z     11  ''.'.     15-06  14-99  ....  15-26 

C8AdH7,H«  73  ...  10000 

May  also  be  regarded  as  butylene  conjugated  with  ammonia  t  C^H^NU^«Mor  as 
ammonia  in  which  1  At.  H  is  replaced  by  butyl  i    N(H,H,C^H*). 
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Combinations.  Butylamine  dissolves  in  water  in  all  proportions;  the 
aqueous  solution  smells  like  the  pure  base,  and  is  very  caustic;  when 
concentrated  it  is  somewhat  viscid. 

Salts  of  Butylamine,  —  Most  metallic  solutions  are  precipitated  by 
butylamine  in  the  same  manner  afl  by  ammonia.  The  zinCf  cadmium 
and  copper  precipitates  dissolve  in  excess  of  the  rea^f^ent;  gelatinous 
alumina  likewise  dissolves  in  excess  of  butylamine;  the  precipitates 
formed  in  solutions  of  chromium^  nickel,  and  cobalt ,  are  insoluble  in  excess 
of  butylamine.  With  nitrate  of  silver^  butylamine  forms  a  tawny  yellow 
precipitate^  easily  soluble  in  excess.  —  Gelatinous  sUica  dissolves  in 
butylamine,  and  remains  in  the  pulverulent  and  amorphous  state  when 
the  solution  is  evaporated. 

Hydrochlorate  of  Butylamine  crystallizes  in  deliquescent  needles, 
which  melt  below  100^;  when  exposed  to  the  air,  it  gives  off  thick 
white  fumes  and  volatilizes  without  residue. 

Wurte. 

8  C 48-0     ....     43-83     43*83 

N    14-0    ....     12-78 

12  H    12-0     ....     10-95     11-05 

CI   35-4     ....     32-44 

C8NH»,HC1    109-4    ....  100-00 

Gold-soH.  —  Hydrochlorate  of  butylamine  and  terchloride  of  gold 
may  be  mixed  without  separation  of  a  double-salt;  but  on  evaporation 
the  double-salt  crystallizes  in  rectangular  tables  of  a  pure  yellow  colour, 
but  melting  and  changing  to  orange-yellow  at  lOO''. 

Wurtz. 


16  C 

96     .. 

..     18-32     .... 

5-34 

4-58  .... 
..  37-98  ... 
..     33-78 

...     18-79 

2  N 

28     .. 

24  H 

24     .. 

....       4-84 

Au    

5  a 

199     .. 

177     .. 

...     37-50 

2(CWH",HCl)  +  AaCl»      524     ....  10000 

Platinum-salt,  —  Hydrochlorate  of  butylamine  and  bichloride  of 
platinum  do  not  form  an  immediate  precipitate  when  mixed  even  in  the 
state  of  concentrated  solutions;  but  on  evaporation,  the  double  salt 
crystallizes  in  beautiful  orange-yellow  laminse,  which  are  soluble  in 
water  and  in  alcohol. 


8  C 

N    

12  H    

.     48-0 
.     14-0 
.     12-0 
.     99-0 
.  106-2 

....     17*18    .... 
....       5-05 
....       4-30     .... 
....     35-45     ... 
.  .     3802 

Wurti. 
....     17-18 

....       4'52 

Pt   

3  CI    

.■••...••.•«••• 

...     35-02 

C^NH",HC1  + 

Pta2  ... 

.  279-2 

....  100-00 

Butylamine    dissolves    in    all    proportions    in    alcohol   and    ether. 
(Wurtz.)  f. 


h  a 
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/3.     Amidogen-nuclem,    C*Ad*H*0'. 

Succinamide, 

C«N»H«0* = C»Ad«H*0»,0'. 

Fehlino.  (1844.)    Ann.  Pharm.  49, 1D6. 

When  succinic  ether  is  shaken  up  with  aqueous  ammonia^  a  white 
deposit  is  produced,  which  must  be  left  for  a  few  days  till  it  no  longer 
increases,  then  washed  with  alcohol,  and  crystallized  from  boiling  water. 
White  needles,  which  do  not  give  off  any  thing  at  100°,  and  melt  when 
suddenly  heated,  turning  slightly  brown,  but  without  further  alteration. 


8  C 

48 

....    41*dO    ... 

....  24*14  ... 

6-90  ... 

....  27-58  ... 

Fehliog. 
41*69 

2  N 

8  H 

28 

8 

24-13 

7-00 

4  0 

32 

27-18 

C«N*H»0*  ... 

.'  116 

...  100-00  ... 

10000 

Snc«inamide  slowly  heated  to  200^,  and  kept  at  that  temperature  for 
a  considerable-  time,  gives  off  a  large  quantity  of  ammonia,  and  after- 
wards, when  the  heat  is  increased,  sublimes  in  the  form  of  bisuocinamide, 
leaving  a  small  quantity  of  charcoal  (Fehling): 

C8NSHW  «  C8NH«0<  +  NH3. 

In  cold  nitric  acid,  through  which  nitrous  gas  is  passed.  It  is  resolved 

into  succinic  acid,  water,  and  nitrogen  gas  (Piria,  N.  Ann,  Chim.  Phys. 

22,  177): 

C?N2H»(>«  +  2N0>  «  aWO»  +  2H0  +  4N. 

The  boiling  aqueous  solution  of  1  pt.  succinamide  mixed  with  bichloride 
of  platinum,  deposits  on  cooling  almost  exactly  2  pts.  of  chloroplatinate 
of  ammonium:  hence  1  At.  nitrogen  is  transferred  to  the  platinum-salt. 
(Fehling.) 

Succinamide  di&solves  in  220  pts.  of  water  at  15^  and  in  9  pts.  of. 
boiling  water;  it  is  insoluble  in  ether  and  in  absolute  alcohol,  sparingly 
soluble  in  hydrated  alcohol.  (Fehling.) 


%  Butylic  XTrethane- 

CioNH"0*=C»AdH»,2CO^ 

E.  HuXANX.    X  Ann,  Chim.  Phys,  44,  337;  Ann.  Pkarni,  95,  372; 
Cliem,  Sac,  Qti,  J,  8,  276. 

Obtained  by  the  action  of  gaseous  or  liquid  chloride  of  cyanogen 
on  butylic  alcohol,  its  formation  being  however  usually  accompanied  by 
that  of  carbonate  of  butyl  (p.  104).  —  The  best  mode  of  preparing  it  is  to 


BUTYRONITRILE.  149 

pour  liquid  cbloride  of  cyanogen  into  butylic  alcohol.  The  reaction  takes 
place  quickly  if  aided  by  heat,  more  slowly  at  ordinary  temperatures.  It 
18  generally  indicated  (m  case  the  butylic  alcohol  contains  water)  by  the 
formation  of  a  mass  of  crystals  within  the  liquid;  it  is  complete  when 
the  odour  of  chloride  of  cyanogen  has  completely  disappeared.  The  best 
mode  of  accelerating  it^  is  to  heat  the  mixture  in  a  sealed  tube  immersed 
in  a  water-bath.  After  cooling,  the  crystals  must  be  well  pressed, 
then  introduced  into  a  retort  and  distilled,  the  receiver  being  changed 
as  soon  as  f  of  the  liquid  has  passed  over,  and  the  portion  which  distils 
at  220°  being  collected  apart.  This  product,  the  butylic  urethane,  is  an 
oily  liquid  which  solidifies  on  cooling,  and  partly  collects  in  the  retort 
in  a  shiniug,  crystalline,  unctuous  mass.  It  must  be  carefully  collected 
and  pressed  between  folds  of  bibulous  paper.  It  is  finally  purified  by 
crystallization  from  boiling  alcohol. 

Beautiful  nacreous  crystals,  having  a  strong  lustre,  unctuous  to  the 
touch,  melting  at  a  very  gentle  heat,  and  distilling  without  alteration. 
They  are  insoluble  in  water,  but  dissolve  in  alcoliol  and  ether. 

Humann. 

IOC    60     ....     51-28     5109 

N   14     ....     11-97 

11  H  11     ....      9-40    9-18 

4  0   32    ....    27-35 i 

Ci0NH"O«  117     ....  10000 

I 

May  be  regarded  as  a  compound  of  carbonate  of  butyl  with  car- 
bamide: C»^NH»0*=C«H»0,CO»+CNH«0.  (Humann.) 


e.     Nitrogen-nuclcL 
a.    Nitrogen-nucleus  (?NH\ 

Butyronitrile.    (?NH\ 

DoMAS,    Malaguti  &  Leblakc.   (1847.)    Comptrend,  25,  442,  and 

658. 
Laursnt  &  CiTANCEL.     Compt  rend.  25,  884. 

Preparation.  1.  By  distilling  butyrate  of  ammonia  with  anhydrous 
phosphoric  acid.  (Dumas,  &c.)— 2.  By  passing  vapour  of  butymmide 
over  lime  heated  to  dull  redness.  (Laurent  &  Chancel.)  The  second  mode  of 
preparation  is  not  so  good  as  the  first.  (A.  W.  Hofinann,  Ann.  Pharm.  65,  56.) 

Properttfs.  Transparent,  colourless  oil,  of  sp.  gr.  0795  at  12*5**; 
boils  at  118  5°.  Has  an  agreeable  aromatic  odour,  like  that  of  bitter 
almond  oil    (Dumas,  Malaguti  ds  Leblanc.) 

Calculation,  according  to  Dumas,  Mai.  &  Lcbl. 

SC  48     ....     69-56 

N  14     ....     20-29 

7  H  ..." 7     ■  .     1015 

C'NH^ 69     ...    100-00 
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DecomposUians.  The  compoand  dissolvea  in  boiling  potash  with 
OTplution  of  ammonia,  and  forms  butyrate  of  potash: 

C8NH7  +  KO  +  3HO  =  C^H^KCH  +  NH». 

With  potassium,  it  forms  cyanide  of  potassium  and  a  mixture  of  hy- 
drogen gas  and  a  carburetted  hydrogen  which  is  denser  than  that  which 
is  evolred  by  potassinm  from  acetonitrile  (ix.  294).  (Dumas,  Malaguti 
&  Leblano.)  [According  to  the  equation:  C«NH'  +  K=C'NK  +  HH- 
C^H^  this  gaseous  hydrocarbon  should  be  propylene.] 

[Just  as  acetonitrile,  C^J^H*,  may  be  regarded  as  cyanide  of  methyl 
or  hydrocyanate  of  methylene,  C"H«,C'N  or  CH»,C'NH,  so  also  may 
bnlyronitnle,  C'NH^  be  regarded  as  cyanide  of  propyl,  C«H',C*N,  or 
hydrocyanate  of  propylene,  C*H',C'NH.] 


Petinine. 

C«NH'=C«NH^H«? 

Anderson.  (1848.)    Fhil  Mag.  7,  33,  174;  also  /.  pr.  Chem,  45,  160; 
abstr.  Ann,  Fharm,  70,  32. 

From  vtTiivbs  volatile.  Constitutes  a  very  amall  portion  of  the  empyrenmatic  oil 
obtained  by  the  dry  distillation  of  bones. 

Preparation,  Crude  tarry  bone-oil,  to  the  amount  of  about  15 
pounds,  is  distilled  at  a  gradually  inci-easing  heat  in  a  half-filied  iron 
retort,  till  about  \  has  passed  over;  the  resulting  pale  yellow  oil  sepa- 
rated from  the  watery  distillate,  then  set  aside,  and  frequently  agitated 
for  8  t-o  14  days,  with  a  mixture  of  1  pt.  oil  of  vitriol  and  10  pts.  water; 
the  acid  liquid  diluted  with  a  larger  quantity  of  water  and  separated 
from  the  oil;  and  the  oil  again  treated  several  times  with  dilute  sulphuric 
acid  to  remove  the  volatile  alkaloids  completely.  The  dark  brown  or 
red-brown  acid  extracts  thus  obtained,  which,  besides  a  number  of  bases, 
contain  also  a  neutral  oil  and  pyrrol,  are  boiled,  after  addition  of  more 
sulphuric  acid,  in  a  porcelain  or  copper  vessel;  ifreed  from  the  red  resin 
which  separates  out  and  causes  violent  percussion;  and  continuously 
boiled,  with  renewal  of  the  water,  till  a  sample,  subjected  to  distillation, 
no  longer  evolves  pyrrol.  The  liquid  is  then  filtered  from  fresh  portions 
of  resin  which  have  separated  out,  neutralised  with  potash  or  ammonia, 
and  distilled  together  with  the  oil  smelling  of  ammonia  and  stinking 
sea-crabs,  which  rises  to  the  surface,  as  long  as  the  oil  which  passes  over 
continues  to  dissolve  in  the  watery  portion  of  the  distillate.  If  the  distil- 
lation be  further  continued,  and  the  receiver  changed,  a  small  portion  of  oil  passes  over, 
which  sinks  in  the  water;  and  in  the  retort  there  remains,' above  the  watery  liquid,  an 
oily  mixture  of  leas  volatile  alkaloids On  dissolving  hydrate  of  potash  in 

the  watery  distillate  thus  obtained,  an  oily  mixture  of  ammonia,  petinine, 
picoline,  and  two  or  three  other  alkaloids,  rises  to  the  surface,  and  may 
be  removed  by  a  siphon,  whilst  a  portion  of  the  petinine  remains  dis- 
solved in  the  aqueous  potash.  —  a.  To  obtain  the  petinine  from  the  oily 
mixture,  this  mixture  is  dehydrated  by  adding  hydrate  of  potash  to  it  as 
long  «B  that  substance  takes  up  water;  and  then  repeatedly  distilled  in 
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a  retort  fitted  witb  a  therrnometer,  tbe  oil  which  passes  between  71"' 
and  100**,  and  consists  chiefly  of  petinine,  being  collected  apart. — 
6.  The  petinine  which  remains  dissolved  in  the  aqueous  potash  is  sepa- 
rated therefrom  by  a  short  distillation,  and  from  the  water  which  passes 
over  with  it  by  treatment  with  hydrate  of  potasli.  —  Lastly,  the  two 
portions  of  petinine  obtained  by  a  and  l  are  united,  and  completely 
purified  by  repeated  fractional  distillation,  with  a  well  cooled  receiver, 
whereby  a  large  quantity  of  ammonia  is  expelled,  the  process  being 
continued  till  tlie  boiling  point  of  the  dis^tillate  becomes  constant. 
Complete  dehydration  is  attained  by  leaving  the  product  for  several  days 
in  contact  with  caustic  potash,  then  decanting  and  rectifying. 

Properties,  Transparent,  colourless,  strongly  refracting  liquid,  lighter 
than  water,  boiling  at  about  70'5°.  Has  a  very  pangent  odour,  resem- 
bling that  of  ammonia,  but  not  exactly  the  same;  in  the  dilute  state^  it 
has  the  offensive  odour  of  rotten  apples;  its  taste  is  hot  and  very  pungent. 
It  blues  reddened  litmns,  and  forms  white  fumes  with  hydrochloric  acid 
l)^d  over  it. 

Calculation^  according  lo  Gm.  Anderson. 

8  C 48     ....     67-61  66-66 

N 14     ....     19-72 

9  H 9     ....     12-67  13-97 


-r- 


C8NH^H« 71     ....  100-00 

Anderson  prefers  the  formula:  C^NH^<^;  GerhardC  (N,  J,  PAarm.  14,  378,  and 
Compt.  Chim.  1849,  12),  the  formula  C^NH^^  According  to  this  latter  formula, 
petinine  is  identical  or  metameric  with  butylamine;  also  metameric  with  biethjlamine 
and  metfaylopropylamine. 

Decompositions,  1.  Bromine- water  dropt  into  aqueous  petinine  pre- 
cipitates an  oil  soluble  in  acids,  whilst  hydrobromate  of  petinine  remains 
in  solution.  The  oil  is  perhaps  C»NBr»H^  [or  C«NBr»H*].  —  2.  Cold 
aqueous  chloride  of  lime  does  not  colour  aqueous  petinine,  but  causes  it 
immediately  to  emit  an  extremely  pungent  odour.  —  A  solution  of 
petinine  in  excess  of  concentrated  nitric  acid  may  be  boiled  for  a  long 
time  without  perceptible  decomposition.  —  IT  Petinine  is  decomposed  by 
nitrous  acid,  with  evolution  of  nitrogen  and  formation  of  small  oily 
globules,  probably  consisting  of  nitrite  of  butyl.  (A.  W.  Hofmann,  Chem, 
Soc.  Qu,  J.  3,  239.)  The  decomposition  appears  to  be  similar  to  that 
of  ethylamine  (ix,  58),  supposing  that  petinine  is  identical  with  butylar 
mine.  % 

Combinations,     Petinine  dissolves  in  Water  in  all  proportions. 

It  combines  with  the  stronger  acids,  the  combination  being  attended 
with  evolution  of  heat.  It  precipitates  ferric  salts,  and  is  the  strongest 
of  all  the  alkalis  contained  in  bone-oil.  The  Fetinine-salts  crystallise 
readily,  are  very  permanent,  and  do  not  become  coloured  by  exposure  to 
the  air;  those  which  contain  volatile  acids  may  be  sublimed.  —  They  are 
all  soluble  in  water. 

Sulpliate  of  Petinine. — Dilute  sulphuric  acid  neutralized  with. peti- 
nine gives  off  petinine  when  evaporated  and  leaves  a  syrup  which  soli- 
difies to  a  laminated  mass  of  a  very  acid  and  somewhat  deliquescent  salt, 
which  dissolves  very  readily  in  water. 
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HydrochloraU  of  Petinine.  —  Dry  pctinine  dissolres  in  hydroclilorio 
acid  with  great  evolution  of  heat,  and  yields  a  salt  which  sublimes  in 
fine  needles,  and  is  extremely  soluble  in  water. 

Petinine  dissolves  in  dilute  but  not  in  concentmted  solution  of  potojJi; 
it  dissolves  a  small  quantity  of  hydrate  of  potash. 

It  precipitates  cupric  oxide  from  its  salts,  but  redissolves  it  when 
added  in  excess,  and  forms  a  solution  of  a  fine  blue  colour. 

An  alcoholic  solution  of  petinine  forms  with  protochloride  of  mercury, 
a  white  precipitate  which  dissolves  in  a  large  quantity  of  hot  water, 
more  readily  in  hot  alcohol,  and  crystallizes  from  the  solution  in  silvery 
laminas.  It  dissolves  very  readily  in  cold  dilute  hydrochloric  acid.  Its 
aqueous  solution  gives  off  petinine  when  boiled,  and  deposits  a  white 
powder. 

With  terchloride  of  gold,  petinine  forms  a  pale  yellow  precipitate 
which  does  not  dissolve  when  the  liquid  is  boiled. 

With  hickloride  of  platinum,  in  not  too  dilute  solutions,  petinine 
forms  a  yellow  precipitate,  which,  by  crystallization  from  hot  water,  is 
obtained  in  golden  yellow  tables  resembling  iodide  of  lead.  These 
crystals  dissolve  with  tolerable  facility  in  cold,  readily  in  hot  water,  also 
in  alcohol^  and  are  not  decomposed  by  boiling  tbe  aqueous  solution. 

Cry  stab,  Anderson. 

8C  48-0  ....  17-32  1693 

N  14-0  ....  6-05 

10  H  10-0  ....  3-61  40  7 

Pt  ; 99-0  ....  35-71  35-46 

3  CI  106-2  ....  38-31 

C«NH»,HC1  +  PtCl*....     277-2    ....  100-00 

According  to  Anderson,    it  U  C?NH»*,HCl  +  FtCP;    according    to    Gerhardt. 
CWH",HCl  +  PtCP. 

Petinine  dissolves  in  all  proportions  in  alcohol,  ether,  and  oih, 
(Anderson.) 


p.    Niirogen-nucUus,    C^NH^Ol 

Bisuccinamide. 

C«NH»0*= C»NH«0«,0». 

Pel.  d'Arckt.  (1835.)   Ann.  Chim,  Phys.  58,  294;  also  Potm.  36,  8(?. 
Fehling.     Ann.  Pkarm.  49,  198. 

Laurent  &  Gerhardt.     Compt.  chim.  1849,  108:  also  /.  pr.  Chan, 
47,71. 

Suecinavude  (D'Arcet);  Succinimide,  (Laurent  «e  Gerbarat.) 

FomuUion  and  Preparation.  When  dry  ammoniacal  gas  is  passed 
over  succinic  anhydride,  heat  is  erolvcd  sufficient  to  melt  and  volatilize  a 
portion  of  the  bisuccinamide  produced,  and  of  the  water,  so  that  it  is  only 


8  C    

48 

N  

14 

5  H 

5 

4  O  

32 
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necessary  to  heat  the  vessel  a  little  towards  the  end  of  the  operation;  till 
all  the  bisucciuamide  is  sablimed  (D'Arcet.): 

C8H<0»  +  NH3  «-  C8NH»0*  +  2HO. 

The  same  sublimate  is  also  obtained  on  passing  dry  ammoniacal  gas  into 
succinic  acid  fused  at  180^  (Fehling.)  —  2.  When  neutral  succinate  of 
ammonia  is  heated,  bisucciuamide  sublimes,  after  previous  evolution  of 
water  and  ammonia.  (Fehling.)  —  3.  When  snccinamido  is  heated  for 
some  time  to  200°,  till  ammonia  is  no  longer  evolved,  and  tlie  heat  then 
increased,  the  residue  sublimes  as  bisusccinamide.  (Fehling.) 

The  sublimate  must  be  purified  by  crystallization  from  water,  and  the 
crystals  dehydrated  at  100°.  (Fehling.) 

Properties,  White,  sublimable.  (D'Arcet.)  Reddens  litmus.  (Laurent 
&,  Gerhardt.) 

D'Arcet.  Fehling. 

....     48-49     48-78  48-<J7 

....     14-14     15-29  14  62 

....       5-05     5-55  5-31 

....     32-32     30-38  3110 

(?NHK)* 99     ....  100-00    10000    10000    ' 

Decompontions,  1.  When  heated  with  potash -ley,  it  gives  off  ammonia 
(D'Arcet),  and  forms  succinate  of  potash.  (Fehling.)  —  2.  Similarly,  with 
the  stronger  acids,  it  yields  an  ammoniacal  salt  and  free  succinic  acid. 

i Fehling.)  On  the  other  hand,  a  boiling  aqueous  solution  of  bisucciuamide 
brms  with  bichloride  of  platinum  a  clear  mixture,  which,  when  evaporated 
to  a  syrup,  and  again  taken  up  with  alcohol,  leaves  but  traces  of  chloro- 
pjatinate  of  ammonium.  (Fehling.)  From  a  solution  in  hot  concentrated 
potash,  it  separates  out  unaltered.  (Laurent  &  Gerhardt.) 

Oomhinations,  Bisucciuamide  dissolves  abundantly  in  Water,  and 
when  the  solution  is  left  to  evaporate,  separates  in  beautiful  rhombo- 
hedrons  (D'Areet),  which  give  off  their  15-94  p.  c.  (2  At.)  water  at  a 
temperature  consideraWy  below  100°.  (Fehling.)  Rhombic  octohedrons 
converted  by  truncation  of  their  summits  into  rhombic  tables  {Fig,  42), 
p  :  a  =  125°;  acute  angle  of  the  rhombohedron  =  67°  nearly.  The 
crystals,  when  exposed  to  the  air,  gradually  give  off  their  water.  (Laurent 

&  Gerhdardt.) 

Hydrated  Crystals.  D'Arcet. 

8C 48  ....  4103  42-62 

N 14  ....  11-96  12-74 

7  H    7  ....  5-98  6-04 

6  O    48  ....  41-03  38-60 

C8NHW  +  2Aq 117     ....  10000     10000 

Or :  Fehling'. 

C8NH*0* 00     ....     84.61     84-06 

2  HO 18     ....     15-39     15-94 

C«NHW  +  2Aq 117     ....  100-00     100-00 

From  a  mixture  of  Barytx-water  and  bisuccinaniide,  carbonic  acid 
throws  down  only  part  of  the  baryta.  But  aqueous  bisucciuamide  boiled 
with  carbonate  of  baryta,  dissolves  but  a  very  small  quantity  of  it. 
(Fehling.) 
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Aqueous  bisuccinamide  dissolves,  even  at  a  gentle  heat,  but  more 
quickly  on  boiling,  a  large  quantity  of  Lead-oxide,  without  giving  off  a 
trace  of  ammonia,  unless  the  boiling  be  continued  unnecessarily  long. 
The  solution  evaporated  in  vacuo,  leaves  a  very  viscid,  amorphous  mass, 
which  dries  up  slowly  but  completely,  and  fuses  to  a  clear  liquid  below 
100°  without  further  loss  of  weight.  It  contains  57*65  p.  c.  PbO,  18*63 
C,  5-23  N,  2-56  H,  and  1593  0,  and  is  therefore  =  4PbO,3C8NH»,0*  4- 
3H0.  When  too  strongly  heated,  it  gives  off  ammonia,  and  afterwards 
forms  a  turbid  solution  with  water.  It  quickly  becomes  moist  when 
exposed  to  the  air,  and  forms  with  water  a  clear  solution,  from  which 
alcohol  throws  down  a  concentrated  aqueous  solution  of  the  lead-com- 
pound in  the  form  of  a  viscid  transparent  mass.  If  carbonic  acid  be 
passed  through  the  aqueous  solution  as  long  as  lead-oxide  is  precipitated 
thereby,  and  the  filtrate  evaporated  in  vacuo,  a  white  opaque  mass  is 
left,  which  melts  below  100°;  it  contains  40*15  p.  c.  PbO,  and  is  there- 
fore =  2PbO,3C*NH*0*.  The  solution  obtained  by  heating  carbonate  of 
lead  for  some  time  with  aqueous  bisnccinamide  in  the  water-bath,  pro- 
bably contains  the  same  compound.  (Fehling.) 

IT  Mercury-compound,  C*NH*HgO*.  —  Bisnccinamide  dissolves  mer- 
curic oxide  with  great  facility,  this  compound  being  formed,  with 
elimination  of  1  At.  water: 

C8NH»0<  +  HgO  =  C8NH<HgO*  +  HO. 

The  solution  somewhat  concentrated,  and  filtered  while  hot,  becomes 
filled  on  cooling  with  delicate  silky  needles  which,  after  washing  and 
drying  in  vacuo,  are  found  to  contain  50*48  p.  c.  mercury.  The  above 
formula  requiring  50*50.  (Dessaignes,  Ann,  Pharm,  82,  234,)  Hi 

Silver-compound,  —  Obtained  by  adding  a  few  drops  of  ammonia  to  a 
boiling  concentrated  alcoholic  solution  of  bisuccinamide,  then  nitrate  of 
silver,  and  leaving  the  solution  to  crystallize  by  cooling.  If  the  bisuc- 
cinamide is  mixed  with  succinic  acid,  the  liquid,  after  addition  of  the 
nitrate  of  silver,  must  be  filtered  hot  from  the  pcecipitated  succinate  of 
silver.  —  Beautiful  four-sided  prisms  with  pyramidal  summits.  (Laurent 
k  Oerhardt.) 


8C   

CrytiaU. 

48 

14 

4 

108 

32 

....     23-30     . 
....       6-80 
....       1-94     . 
....     52-43    . 
....     15-63 

Laurent  &  Gerbardt. 
230 

N  

4  H 

2-1 

H 

4  O  

52-3 

• 

C^NH^HgO*    206     ...  10000 

The  crystals,  when  suddenly  heated,  detonate  like  oxalate  of  silver; 
when  gradually  heated,  they  emit  a  peculiar  sharp  odour,  and  give  off  an 
oil  which  crystallizes  on  cooling.  They  give  off  ammonia  only  when 
treated  with  hot  solution  of  potash.  With  dilute  hydrochloric  acid,  they 
are  resolved  into  chloride  of  silver  and  reproduced  bisnccinamide.  They 
dissolve  very  readily  in  ammonia,  sparingly  in  cold,  and  pretty  readily  in 
hot  water  or  alcohol. 

When  this  compound  is  boiled  for  a  short  time  with  water  conta.ining 
a  few  drops  of  ammonia,  the  solution  yields  on  evaporation,  small,  shin- 
ing, right  rhombic  prisms,  with  acute  lateral  edges  of  75°,  which,  when 


DIALURIC  ACID.  155 

aoddeolj  heated,  are  deooinposed  withoDt  detonation^  and  leave  a  residue 
of  silver  containing  charcoal;  they  dissolve  in  water  much  more  readily 
than  the  preceding  compound,  but  behave  in  the  same  manner  witn 
hydrochloric  acid.  A  ccording  to  the  following  analysis,  they  are  either 
bihydrated  silver-bisuccinamide,  or  —  which  is  more  probable  —  suc- 
cinamate  of  silver  =  C*NH*AgO'.  (Laurent  &  Oerhardt.) 

Cry$iaU*  Laurent  &  Gerhardt, 

8C  48  ....  21-43  21-7 

N 14  ....  6-25 

6H 6  ....  2-68  2-7 

Ag 108  ...  48-21  48-3 

6  O 48  ....  21-43 

224     ....  100-00 

Amnioniacal  Silver-compound,  —  The  solution  of  silver-bisuccinamide 
in  a  small  quantity  of  ammonia,  leaves  by  spontaneous  evaporation  an 
alkaline  syrup  which  gradually  solidifies  in  a  hard  crystalline  mass 
composed  of  square  or  rectangular  prisms.  This  substance  gives  off 
ammonia  when  treated  with  potash-solution,  even  at  ordinary  tempera- 
tures. In  contact  with  concentrated  hydrochloric  acid,  it  becomes  very 
strongly  heated,  and  fives  off  fumes  of  sal-ammoniac.  After  the  am- 
monia has  been  precipitated  from  the  solution  of  the  compound  in 
hydrochloric  acid  by  excess  of  bichloride  of  platinum,  the  filtrate, 
if  boiled  with  strpnff  hydrochloric  acid  and  evaporated  to  dryness,  yields 
another  quantity  oi  chloroplatinate  of  ammonium  about  equal  to  the 
former.  (Laurent  &  Gerhardt.) 


8  C  

CryttaU. 

48 

....     21-52 
6-28 
1-80 
....     48-43 
....     14-35 
....       7-62 

Laurent  &  Gerhardt. 

N 

4  H 

14 

4 

6-0 

Ag 

4  O 

!• 

108 

32 

48-2 

NH« .. 

17 

7-0 

NH»C«] 

NH*AkO*    

223 

....  100-00 

Bisnccinamide  dissolves  pretty  readily  in  alcohol,  sparingly  in  ether, 
(D'Arcet.) 


7.     NUrogen-nitcleiu,     C^NAdH'O*. 

Dialuric  Acid. 

C»N»H^O»=C»NAdH«0*,0*. 

LiEBio  &  WouLER.  (1838.)     Ann.Pharm.  26,276. 
Grboort.     Phil.  Mag.  J.  24,  187;  also  J.  pr.  Chem.  32,  277. 

Formation.  When  sulphuretted  hydrogen  is  passed  through  a  boiling 
aqueous  solution  of  alloxan  as  long  as  any  action  takes  place,  the  liquid 
no  longer  deposits  allozantin  on  cooling;  gives  with  barytarwater  out  of 
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contact  of  air,  not  a  blue  but  a  white  precipitate;  and  produces' with 
carbonate  of  ammonia  a  large  quantity  of  crystals  of  dialurate  of 
ammonia: 

C8N2H"0«  +  2HS  «  CWH^O*  +  2S. 

Zinc  and  hydrochloric  acid  also  reduce  aqneous  alloxan  partly  to 
alloxantin,  partly  to  dialuric  acid.  (Liebig  &  Wobler.) 

Preparation  of  Dialurate  of  Ammonia.     1.  A  boiling  aqueous  solution 
of  alloxan  is  completely  decomposed  by  a  stream  of  sulphuretted  hydro- 
gen, and  the  acid  liquid,  after  filtration  from  the  sulphur,  is  neutralized 
with  carbonate  of  ammonia,  which  2)roduces,  with  ofiervescence,  a  white 
crystalline  precipitate  of  dialurate  of  ammonia.  —  2.  A  solution  of  uric 
acid  in  dilute  nitric  acid  is  mixed  with  a  quantity  of  hydrosulphate  of 
ammonia,  sufficient  to  nearly  neutralize  its  acid  reaction,  so  that  it  still 
reddens  litmus  slightly;  the  resulting  pasty  precipitate  washed  with  cold 
water;  dissolved  in  boiling  water;  and  the  filtrate  mixed  with  carbonate 
of  ammonia,  whereupon  it  solidifies  on  cooling  to  a  crystalline  mass  of 
dialurate  of  ammonia. — 3.  An  aqueous  solution  of  alloxan  is  treated 
with  zinc  and  hydrochloric  acid,  and  the  liquid  decanted  from  the  precipi- 
tated alloxantin  is  mixed  with  carbonate  of  ammonia  till  the  oxide  of 
zinc  at  first  precipitated  is  redissolved;  it  then,  after  a  while,  yields 
crystals  of  dialurate  of  ammonia.  (Liebig  &  Wohler.)  —  4.  Ammonia  is 
added  at  ordinary  tcmpeiutures   to  the  mother-liquid  obtained  in  the 
preparation  of  alloxan  or  alloxantin,  ti}l  the  liquid  reddens  litmus  but 
slightly;  sulphuretted  hydrogen  is  then  passed  through  it,  till  the  sulphur 
at  first  precipitated  is  redissolved;  the  liquid  heated  till  the  dialurate  of 
ammonia  which  thickens  the  liquid  is  dissolved;  a  small  quantity  of 
hydrosulphate  of  ammonia  added,  if  necessary,  to  dissolve  any  sulphur 
that  may  have  remained  undissolved;  the  clear  liquid  left  to  cool:  the 
crystallized  dialurate  of  ammonia  collected  on  a  filter;   washed,  first 
with  dilute  hydrosulphate  of  ammonia,  then  with  alcohol  till  the  wash- 
liquid  runs  through  pure  and  colourless;,  pressed  quickly  in  the  filter 
between  bibulous  paper;  and  drie<l  in  vacuo  over  oil  of  vitriol.  (Gregory.) 
If  it  should  still  be  not  quite  pure,  it  must  be  once  more  dissolved  in 
warm  water  containing  hydrosulphate   of  ammonia,   and  the  crystals 
washed  and  dried  as  above.  (Gregory.) 

Preparation  of  Dialuiic    acid.      From  a  solution  of  dialurate  of 

ammonia  in  warm  hydrochloric  acid,  the  dialuric  acid  separates  on  cooling 

in  crystals,  which  must  be  quickly  separated  from  the  mother-liquor  and 

dried.  (Gregory.)  —  This  experiment  had  been  previously  made  by  Liebig  &  W5bler, 
who,  however,  from  their  analysis  of  the  crystals  thus  obtained,  regarded  them  as 
alloxantin,  which,  on  accoant  of  the  peculiar  crystalline  form,  they  regarded  as  dimor- 
phous. Gregory  suggests  that  the  crystaU  of  dialnnc  add  first  produced  may  have 
been  converted  into  alloxantin  by  the  oxygen  of  the  air,  without  changing  their  form. 

Properties.     Colourless  crystals,  which  resemble  those  of  alloxantin, 
and  redden  litmus  strongly.  (Gregory.) 

Crystallized  Acid,  according  to  Gregorr. 

8C 48     ....   '33-3.3 

2  N 28     ....     19-45 

4  H 4     ....       2-7B 

8  0 64     ....     44-44 

CTfm<0«   141     ....  100-00 

Liebig  &  Wdliler  had  previously  determined  the  constitution  of  the  acid  from  their 
analvsis  of  the  ammonia-»alt. 
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Decompositions.  1 .  AqueoQH  dialuric  acid  (and  likewise  the  crystal- 
lized acid  when  immersed  in  the  aqueons  mother-liquor)  is  partially 
converted^  donhtless  with  absorption  of  oxygen  from  the  air,  into  allox- 
antin,  so  that  it  no  longer  forms  a  white  precipitate  with  haryta-water, 
but  flesh-oolonred,  purple,  or  violet,  according  to  the  quantity  of  the 
alloxantin  produced  (Gregory): 

2C»N2H«08  +  20  -  C"Nm*0"  +  4H0. 

When  dilute  sulphuric  acid  is  poured  upon  crystallized  dialnrate  of 
ammonia,  an  indistinctly  crystalline  residue  [of  dialuric  acid]  is  obtained, 
which  dissolves  in  a  large  quantity  of  water.  This  solution  deposits 
alloxantin  in  a  few  hours  [on  exposure  to  the  air  ]] ;  and  the  filtrate, 
when  freed  from  sulphuric  acid  by  boiling  with  carbonate  of  baryta,  and 
then  filtered  and  evaporated,  solidifies  with  formation  of  transparent 
prisms  [of  dialuric  acid  f]  resembling  oxalic  acid;  no  urea  is  produced  in 
this  reaction.  On  the  other  hand,  a  solution  of  dialuratc  of  ammonia  in 
warm  hydrochloric  acid  yields  on  cooling,  crystals  of  dimorphous  allox- 
antin [dialuric  acid  converted  into  alloxantin  by  the  action  of  the  air], 
and  urea  is  found  in  the  mother-liquor.  (Liebig  &  Wbhler.)  —  2.  When 
an  aqueous  solution  of  dialuric  acid  is  boiled,  oxalic  acid  and  other  pro- 
ducts of  decomposition  are  formed^  —  The  boiling  aqueous  solution  of 
alloxan,  completely  converted  into  dialuric  acid  by  the  action  of  sulphu- 
retted hydrogen,  then  filtered  from  sulphur,  and  concentrated  in  a  retort 
out  of  contact  of  air,  deposits  on  cooling:  (1.)  a  thick  white,  warty  crust 
of  dialuric  acid  more  or  less  altered,  which  turns  red  on  drying;  reddens 
litmus  strongly;  dissolves  with  difficulty  in  cold  water  and  then  reduces 
silver;  forms  a  violet  precipitate  with  baryta-water;  and,  on  addition  of 
carbonate  of  ammonia,  deposits  after  a  while  a  small  quantity  of  dia- 
lumte  of  ammonia ;  —  and  (2.)  a*  mother-liquor  containing  ammonia, 
oxalic  acid  and  a  body  which  crystallizes  in  hard  yellow  opaque  crystals. 
(Liebig  &  Wohler.)  —  3.  Aqueous  dialuric  acid  mixed  with  aqueous 
alloxan  deposits  crystals  of  alloxantin.  (Liebig  &  Wohler.) 

CSN^H^QS  +  C«N«U208  -  Ci«N*H^O"  +  2H0. 

Combinations,  The  ncid  does  not  appear  to  dissolve  very  abundantly 
in  water. 

It  neutralizes  alkalis  completely.  The  DiaJurates  in  the  dry  state 
are  quite  permanent  in  the  air.  (Gregory.) 

Dialwrate  of  Ammonia,  —  Preparation  (p.  156).  Soft  white  crystal- 
line powder,  or  delicate  white  silky  needles,  which  become  rose-coloured 
when  dried  at  ordinary  temperatures,  and  blood-red  at  100°,  but  without 
giving  ofiT  ammonia  (Liebig  &  Wohler): 

2C»N»HW  +  20  =  C"N«H«0»2  +  6H0. 

pnrpurate  of 
ammonia* 

Small  needles  M'hicb,  wlien  dried  in  the  air,  unite  into  a  mass  having  a 
silky  lustre.  (Gregory.)  The  salt  dissolves  sparingly  in  cold,  readily  in 
hot  water,  from  which  it  separates  almost  completely  on  cooling,  espe- 
cially on  addition  of  carbonate  of  ammonia.  The  aqueous  solution 
instantly  reduces  silver-salts.  (Liebig  &  Wohler.)     A  solution  of  dialu- 
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rate  of  ammonia,  which  probably  also  contained  alloxantin,  acquired  by 
the  action  of  hydrosulphate  of  ammonia  a  beautiful  but  transient  sky-blue 
colour.  (Gregory,  Ann,  Fkarm,  33,  336.) 

CryttaUized.  Liebig  &  Wdhler. 

8  C 48  ....  29-81  29-84 

3N    42  ....  2609  25-91 

7  H    7  ....  4-35  4-54 

8  0    64  ....  39-75  39*71 


C«N2H3CNH*)0«   161     ...  100-00    10000 

Dudurate  of  Potash,  —  Deposited,  on  mixing  a  potash-salt,  with 
aqueous  dialuric  acid,  in  hard  crystals  which  are  sparingly  soluble 
in  water.  (Gregory.)  The  ammonia-salt  dissolves  in  potasb-ley  with 
evolution  of  ammonia,  forming  a  liquid  in  which  acids  do  not  form  any 
precipitate.  (Liebig  &  Wbhler.) 

Dialurate  of  Baryta,  —  The  ammonia-salt  forms  with  banrta-salts  a 
white  precipitate  containing  36  p.  c.  baryta.  (Liebig  &  Wohler.)  Dia- 
luric acid  throws  down  from  dissolved  baryta -salts  a  white  powder 
scarcely  soluble  in  water.  (Gregory.) 

The  ammonia-salt  added  to  neutnal  acetate  of  lead,  throws  down 
yellow  flakes  which  turn  violet  on  exposure  to  the  air.  (Liebig  & 
Wohler.) 


Appendix. 

Hydurilic  Acid. 

ScHLiEPER.     (1845.)     Ann  Fkarm.  56,  9. 

Produced  occasionally,  together  with  alloxan,  alloxantin,  dialuric 
acid,  &c,,  by  the  action  of  2  pts.  of  cold  nitric  acid  of  sp.  gr.  1  *25  on 
1  pt.  of  uric  acid.  If  the  mother-liquor,  after  cooling,  be  filtered  from 
the  crude  alloxan,  concentrated  below  50°,  and  the  crystalline  magma 
which  forms  over  night,  thrown  upon  a  filter  and  washed  with  water, 
acid  hydurilate  of  ammonia,  [or  perhaps  the  free  acid  ]]  remains,  in  the 
form  of  a  yellow  crystalline  powuer  which,  by  solution  in  boiling  water, 
digestion  with  animal  charcoal,  and  crystallization,  may  be  obtained  in 
loose,  snow-white,  very  slender  needles.  As  this  salt  is  not  decomposed 
by  acids  (even  boiling  concentrated  hydrochloric  acid  does  not  abstract 
ammonia  from  it),  it  must  be  decomposed  by  boiling  with  potash  and  the 
hydurilic  acid  separated  from  the  liquid  by  hydrochloric  acid.  From  the 
hot  solution,  the  hydurilic  acid  separates  after  some  time  only,  in  a  form 
similar  to  that  of  acid  hydurilate  of  ammonia;  from  the  coldf  solution,  it 
separates  immediately  in  the  form  of  a  white  powder.  [It  is  not  stated 
by  what  characters  hydurilic  acid  is  distinguished  from  the  so-called  acid 
hydurilate  of  ammonia.1  In  subsequent  treatments  of  uric  acid  by  nitric 
acid,  as  above  described,  no  hydurilic  acid  was  obtained. 

Dried  hydurilic  acid  is  a  white  loose  powder  composed  of  fine 
needles. 
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Hydarilic  aoid  is  converted  by  nitric  acid  into  nitrohjdurilio  acid 
inf.).  It  dissolves  in  oil  of  vitriol  with  blackening,  and  onlj  a 
small  portion  of  it  is  precipitated  from  the  solution  by  water. 

It  is  nearly  insoluble  in  cold  water,  and  dissolves  but  sparingly  and 
slowly  in  boiling  water. 

It  decomposes  the  alkaline  carbonates  with  the  aid  of  heat.  [ScUieper 
Momes  the  exiatenoe  of  neutral  and  acid  dialurates,  bat  has  not  demonstrated  the 
existence  of  any  one  of  the  latter.] 

Ammonia'daU,  —  Obtained  by  evaporating  the  ammoniacal  solution  of 
hydurilic  acid,  or  of  the  [so-called]  acid  hydurilate  of  ammonia,  in  the 
water-bath,  with  frequent  addition  of  ammonia,  and  cooling.  Delicate, 
white,  flattened  needles,  with  almost  a  silvery  lustre.  It  dissolves  pretty 
readily  in  pure  water,  very  easily  in  water  containing  ammonia;  acids 
added  to  the  solution  throw  down  the  [so-called]  acid  salt,  in  delicate 
white  needles. 

Pctash-saU,  —  The  solution  of  the  acid  in  caustic  potash,  crystallizes 
only  after  complete  drying,  in  small  nodules,  which  are  insoluble  in 
alcohol. 

Soda-salt  —  When  carbonate  of  soda  is  added  to  the  acid  diffused  in 
water,  as  long  as  effervescence  is  produced,  the  acid  dissolves,  but  im- 
mediately afterwards  the  soda-salt  is  precipitated  in  the  form  of  a  crystal- 
line powder,  which  increases  in  quantity  as  the  liquid  cools,  and  on  addi- 
tion of  alcohol,  after  drying,  it  forms  a  white  heavy  crystalline  meal, 
which  gives  off  water  even  below  100%  and  crumbles  to  a  reddish  white 
powder. 

The  aqueous  solution  of  the  neutral  ammonia-salt  forms  with  baryta- 
salts  a  white  precipitate;  with  lead-saltB,  a  white  precipitate  soluble  in 
nitric,  but  insoluble  in  boiling  acetic  acid;  and  with  sUversaXia  a  white 
precipitate,  which  turns  grey  at  100°. 

Hydurilic  acid  is  insoluble  in  alcohol  (Schlieper). 

Here  follow  Schlieper's  analyses,  together  with  the  very  improbable 
formulsD  which  he  deduces  therefrom. 

Hydurilic  acid  Neutral  Soda^talt  Silver-sali 

at  100''.  Ammonia-salt,  at  100°.  at  100^ 

C^N^'H-O"  2N113,C^N3H309,3Aq.  2NaO.C^N3H309,5Aq.  2AgO,C«N»H»0» 

2  NaO  ...     2877  2AgO  ...     5456 

12  C...  34-58  12  C 28-97  12  C 24*74  12  C    ....     17-75 

3  N...  20-79  5N 28*48  3N  3N 

5  H...     2-33  12  H 514  8  H 2'59  3  H    ....       1-03 

HO...  42*30  12  0 37-41  14  O  9  0 

10000  100-00 

Laurent  {Compt.  rend.  81,  358)  assigns  to  hydurilic  acid  the  formula 


Kitrohydurilic  Acid. 

Schlieper.    Ann.  JPharm,  56,  16. 

Hydurilic  acid  is  suspended  in  water  so  as  to  form  a  magma ;  the  whole 
mixed  with  half  its  volume  of  nitric  acid,  and  gently  and  continuously 
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heated  till  the  evolution  of  nitrous  acid  and  a  little  carbonic  acid,  which 
is  violent  at  first,  entirely  ceases  as  the  liquid  cools;  the  liquid,  which 
is  clouded  by  a  white  powder,  diluted  with  cold  water;  then  filtered  (the 
filtrate  contains  alloxan);  the  white  powder  washed  in  cold  water,  and 
purified  by  solution  in  cold  oil  of  vitriol,  and  precipitation  by  water, 
washing,  and  drying. 

In  this  manner,  nitrohydurilic  acid  is  obtained,  in  the  form  of  a  white 
powder,  which  reddens  litmus. 

Deflagrates  like  gunpowder  when  heated. 

It  is  insoluble  in  cold,  sparingly  soluble  in  hot  water.  Dissolves  in 
concentrated  sulphuric  or  nitric  acid,  whence  it  is  precipitated  by  water. 

It  is  insoluble  in  ammonia,  but  dissolves  pretty  readily  in  potash,  and 
is  precipitated  from  the  solution  by  acids. 

Nitrohydunlic  acid,  dried  at  100*.  SchUeper. 

8C 48     ....     23-53  2312 

3N 42     ....     20-59  2046 

2)H 2     ....      0-98  1-22 

14  0 112     ....     54-90  55-20 

CSN'H^O" 204     ....  10000     100-00 

Laurent  (Compt,  rend.  31,  353,  assigns  to  this  acid  the  formula 
C*N»H»(NO*)0»o  =  C»N*H»0",  representing  it  in  fact  as  nitroalloxanic 
acid. 


Allozanic  Acid. 

C«N»H*Ow= C«N  AdH«0*,0«. 

LiEBiQ  &  WoHLER  (1838).  Ann.  Pharm.  26,  292. 
ScHLiEPER.     Ann,  Fharm.  55,  263;  56,  1. 

FarnuUion.  By  bringing  alloxan  in  contact  with  aqueous  fixed  alkalis. 
(Liebig  &  Wohler) : 

C8N«H»08  +  2BaO  -  C«N2H«Ba20"». 

Preparation,  A  warm  aqueous  solution  of  alloxan  is  mixed  with 
baryta- water  not  in  excess,  the  precipitated  alloxanate  of  baryta  col- 
lected, and  decomposed  with  an  equivalent  quantity  of  dilute  sulphuric 
acid;  and  the  filtrate  evaporated  to  a  syrup,  which  solidifies  in  a  few 
days  in  a  crystalline  form.  (Liebig  &  Wohler.) 

To  hit  the  exact  proportion  of  sulphuric  acid,  the  alloxanate  of 
baryta,  stirred  up  with  water,  must  be  treated  with  a  quantity  of  the 
acid  less  than  sufficient  to  decompose  it;  the  liquid  set  aside  U>r  a  few 
hours  in  a  warm  place,  so  that  the  uudecomposed  alloxanate  of  baryta 
may  dissolve  in  the  aqueous  acid;  and  the  remaining  portion  of  baryta 
carefully  precipitated  from  the  filtrate  by  sulphuric  acid.  The  liquid  is 
then  again  filtered  and  evaporated  to  a  syrup  below  40°.  (The  syrup 
obtained  by  evaporation  between  50°  and  60°,  forms  a  viscid  mass,  which 
does  not  crystallize  even  after  a  long  time.)  (Schlieper.) 

Properties.  Hard  white  needles,  arranged  in  radiated  groups,  and 
permanent  in  the  air.  (Liebig  and  Wohler.)  Sometimes  sni.all  needles 
grouped  in  warty  masses.    Very  sour  with  sweetish  after  taste.  (Schlieper.) 
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Crystallised  add.    Calculation  according  to  Liebig  &  WShler. 

8  C 48     ....     30-0 

2  N    28     ....     17-5 

4  H    4     ....       2-5 

10  O    80     ....     50-0 

C8Nm*OW 160     ....  1000 

DeeamposUtons.  1.  The  acid  when  heated  melts  with  violent  intu- 
mescence, and  becomes  carbonized,  with  evolution  of  cyanic  acid  vapours. 
(Schlieper.)  —  2.  The  aqueous  solution,  heated  to  between  60  and 
100°,  is  resolved,  with  abundant  evolution  of  carbonic  acid,  into  leuco- 
turic  acid  (ix.  444,)  which  falls  down  as  a  white  powder,  on  adding 
water  to  the  solution  after  evaporation,  —  diffluan  (ix.  448,)  which  re- 
mains in  solution,  but  may  be  precipitated  bj  alcohol, — and  a  very 
small  quantity  of  a  substance  which  dissolves  in  water  and  alcohol,  crys- 
tallizes in  crusts,  and  appears  to  be  C^N^H^OS  (Schlieper,  Ann.  I^harm. 
56,  1.)  The  diffluan  forms  the  largest  portion  of  the  product;  if,  however, 
the  aqueous  alloxanio  acid  be  evaporated  in  a  platinum  capsule  over  the 
water-bath,  till  the  residual  syrup  flows  quietlv  without  frothing,  a  much 
larger  qiiantity  of  leucotnrio  acid  is  obtained,  viz.  about  20  to  80  per 
cent.  (Schlieper.)  —  3.  Alloxanio  acid  heated  with  nitric  aci<],  is  con- 
verted into  parabanic  acid  (ix.  442).  (Schlieper.)     [Probably  thus  : 

C«>PH<Oio+  20  =  C^WOfi  +  2002  +  2H0.] 

4.  When  alloxanate  of  baryta  is  boiled  with  water,  (Liebig  & 
Wohler,)  or  when  aqueous  alloxanio  acid  is  mixed  with  excess  of  baryta- 
water,  or  with  a  mixture  of  chloride  of  barium  and  a  large  quantity 
of  ammonia  or  potash  (Schlieper),  a  gelatinous  or  pasty,  strongly  alka- 
line precipitate  is  formed,  which  rapidly  absorbs  carbonic  acid  from  the 
air,  is  tolerably  soluble  in  water,  and  contains  mesoxalate  of  baryta 
(ix.  425.)  with  perhaps  basic  alloxanate  of  baryta,  while  urea  remains 
in  the  filtrate : 

C«N2H*0»o  +  2H0  =-  C«H20»  +  C«N«H*0». 

5.  The  solution  of  alloxan  in  caustic  potash,  forma  an  indigo-blue 
precipitate  with  ferrous  salts.  (Brugnatelli.)  —  Alloxanio  acid  is  not 
decomposed  by  sulphuretted  hydrogen  (Liebig  &  Wohler),  or  by  boiling 
with  bichromate  of  potash  or  bichloride  of  platinum.  (Schlieper.) 

Combinatums,  The  acid  dissolves  readily  in  water.  (Schlieper.) 
It  decomposes  carbonates  and  acetates,  (Liebig  &  Wohler.)  The 
neutral  or  bibasic  alloxanates  are  =  C®NAdM*0*,0*;  the  acid  or  monobcuie 
allaxanate8=iC^'N  AdliMO\0^.  The  aqueous  solution  of  bibasic  alloxanate 
of  baryta,  strontia,  or  lime,  deposits  mesoxalate  and  carbonate  of  baryta, 
&c.  when  boiled,  while  mesoxalic  acid  and  urea  remain  in  the  solution. 
(Liebig.) 

Alloxanate  of  A  mmonia.  —  a.  Btbatic.  —  The  solution  of  the  salt  h 
in  ammonia  deposits,  on  addition  of  alcohol,  a  portion  of  the  salt  in  the 
form  of  a  thick  solution,  which,  on  standing,  is  converted  into  a  white 
crystalline  mass;  the  remaining  portion  crystallizes  after  a  while  from  the 
alcoholic  mixture.  The  crystals  continually  give  oiF  ammonia,  even 
when  dried  over  lime,  and  their  aqueous  solution  yields  crystals  of  the 
salt  6  by  spontaneous  evaporation.  (Schlieper.) 

VOL.    X.  M 
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6.  Manobasie.  The  acid  satnrated  with  aqueous  ammonia  yields,  by 
spontaneous  evaporation,  shining,  somewhat  yellowish,  hard  crystals 
belonginp^  to  the  oblique  prismatic  system,  which  redden  litmus  strongly. 
They  yield  by  dry  distillation  a  small  quantity  of  water,  then  carbonate 
and  hydrocyanate  of  ammonia,  then  oxamide,  which  sublimes  as  a  white 
powder,  and  urea,  which  sublimes  in  long  needles.  They  dissolve  in  3 
or  4  pis.  of  water,  but  are  insoluble  in  alcohol,  which  precipitates  them 
from  water.  (Schlieper.) 


8  C 

Cfrystals  dried 

at  100**. 
48 
42     ... 

80     .... 

2712     ... 

23-73     ... 

3-95     ... 

45-20     ... 

Schlieper. 
26-75 

3N    .. 
7  H    .. 

10  O 

23-66 

4-24 

45-35 

C«N2H> 

(^n*)0^ 

177     .... 

10000     ... 

100  00 

AUoxanate  of  Potash.  —  a.  Bibasic.  A  concentrated  aqueous  sola- 
tiim  of  alloxan  is  mixed  with  an  equal  volume  of  strong  potash-ley; 
strong  alcohol  carefully  added  to  the  mixture,  which  has  generally  a 
yellowish  colour,  till  the  turbity,  which  at  first  disappears  as  fast  as  it  is 
produced,  begins  to  become  permanent;  a  drop  of  water  then  added, 
which  removes  the  turbidity;  and  the  mixture  set  aside  for  a  few  days  to 
crystallize,  with  frequent  addition  of  alcohol,  whereby  the  quantity  of 
crystals  is  increased.  If  too  much  potash  be  added,  the  alcohol  throws 
down  a  concentrated  solution,  which  solidifies  in  the  crystalline  form;  if 
the  Quantity  of  potash  be  too  small,  alcohol  throws  down  the  acid 
potash-salt,  which,  from  its  insolubility  in  alcohol,  can  no  longer  be 
converted  into  the  neutral  salt  by  adding  potash  to  the  mixture.  The 
solution  of  alloxan  in  potash -ley  likewise  yields  large  crystals  by  sponta- 
neous evaporation;  but  when  evaporated  in  the  water-bath,  it  leaves  a 
glutinous  mass,  which,  however,  may  be  converted  into  crystals  by  re* 
solution  in  water  and  spontaneous  evaporation.  —  Transparent,  colour- 
less, shining  crystals,  belonging  to  the  double  oblique  prismatic  system; 
bitter;  neutral.  They  give  off  15*61  p.  c.  (5  At.)  water  at  100'*,  but 
retain  the  sixth  atom  obstinately,  even  at  150°,  at  which  temperature 
they  begin  to  turn  yellow.  They  dissolve  readily  in  water,  but  are 
insoluble  in  alcohol  and  ether.  (Schlieper.)  — The  very  sweet  solution  of 
alloxan  in  potash-ley  soon  decomposes  and  turns  sour,  assumes  a  yellow 
colour  when  evaporated,  and  finally  leaves  a  red  mass,  which  forms  a  red 
solution  in  water.  (Brugnatelli.) 

Air-dried  Cry^Uda,  Schlieper. 

2  KO  94-4     ....  3216  3200 

8C 480     ....  16-53  16*48 

2N 28-0     ....  9-64 

8H 8-0     ....  2-76  2-86 

14  0 112-0     ...  38-91 


C«N2H2lC-0",6Aq 2904     ....  100-00 

6.  Monobadc.  —  3  vol.  of  saturated  alloxan  solution  are  mixed  with 
1  vol.  concentrated  potash-ley,  and  the  resulting  salt  precipitated  in  the 
form  of  a  crystalline  meal,  by  the  addition  of  a  large  quantity  of  alcohol. 
When  potash  ley  is  dropt  into  an  alcoholic  solution  of  alloxan,  the  salt 
is  precipitated  in  the  form  of  a  viscid  mass,  which  passes  but  slowly  into 
the  crystalline  state.  —  White  granular  powder,  which  has  a  strong  acid 
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reaction,  and  assumes  a  strong  red  coloar  by  exposure  to  the  air,  espe- 
oiallj  in  drying.  It  dissolves  witb  some  difficulty  in  water,  and  when 
the  solution  is  evaporated,  remains  in  the  form  of  a  thick  gum,  which 
takes  a  long  time  to  crystallize.  It  dissolves  sparingly  in  hydrated 
alcohol,  and  is,  therefore,  precipitated,  but  imperfectly,  by  alcohol  £rom 
its  aqueous  solution.  (Schlieper.) 

Dried  at  100^  Schlieper. 

KO 47-2  ....  23-81     23*27 

8C 48-0  ....  24-22 

2N 280  ...  14-13 

3H 3-0  ..  1-51 

9  0  72-0  ....  36-33 

C8xN2n»KO>«  198-2       ..   100-00 

AUoxanate  of  Soda,  —  BUxmc,  —  From  a  concentrated  mixture  of 
aqueous  alloxan  and  solution  of  caustic  soda,  alcohol  throws  down  a 
concentrated  solution  of  the  salt,  which,  on  account  of  its  great  tendency 
to  deliquesce,  does  not  crystallize  even  when  left  to  stand  over  oil  of 
vitriol  or  when  treated  with  absolute  alcohol;  if  the  mixture  just  men- 
tioned be  evaporated  at  100%  it  leaves  a  deliquescent  gummy  mass;  if 
it  be  evaporated  in  vacuo  over  oil  of  vitriol,  small  crystalline  nodules  are 
produced  in  the  syrup.  (Schlieper.) 

AUoxanate  of  Baryta.  —  a.  Neuiral.  —  1.  An  aqueous  solution  of 
alloxan  saturated  in  the  cold  is  heated  to  60%  and  baryta-water  dropt 
into  it  till  a  precipitate  begins  to  form;  this  precipitate  then  dissolved 
by  the  addition  of  a  small  quantity  of  alloxan;  the  liquid  left  to  crys- 
tallize hy  cooling,  and  the  mothet^liquor  again  treated  in  the  same 
manner  with  baryta-water.  (Liebig.)  —  2.  Three  vol.  of  cold-saturated 
aqueous  alloxan  are  mixed  with  2  vol.  of  cold  saturated  aoueous  chloride 
of  barium;  the  mixture  heated  to  60°  or  70°;  and  potash-ley  added  with 
brisk  agitation,  till  the  precipitate  which  redissolves  at  first  begins  to 
become  permanent.  At  this  moment,  the  liquid  becomes  suddenly  filled 
with  precipitated  alloxanate  of  baryta,  which  quickly  £ei11s  down  in  the 
form  of  a  heavy  granular  powder,  and  may  be  freed  from  chloride  of 
potassium  by  washing  with  cold  water.  (Schlieper,)  If  the  proper 
quantity  of  potash  be  added,  the  filtrate  contains  but  little  alloxan;  if  it 
is  not  sufficient,  a  little  more  must  be  added,  in  order  to  obtain  more 
barytarsalt;  if  too  much  potash  has  been  added,  a  thick  curdy  precipitate 
of  basic  alloxanate  of  baryta  is  produced  mixed  with  mesoxalate.  This 
precipitate  must  therefore  be  quickly  redissolved  by  a  further  addition 
of  the  alloxan-solution,  which  is  easily  done.  (Schlieper.) 

Short,  transparent,  colourless  prisms  or  white  nacreous  scales.  They 
give  ofiT  20-2  p.  o.  water  between  100°  and  120°,  and  22  2  p.  c.  (8  At.) 
in  all,  at  150°,  and  become  milk-white.  When  ignited,  they  leave 
carbonate  of  baryta  and  cyanide  of  barium.  They  dissolve  very  sparingly 
in  cold,  more  readily  in  hot  water,  very  readily  in  acids.  (Liebig  & 
Wohler.)  —  The  precipitate  formed  by  alloxan  in  baryta- water  dissolves 
in  excess  of  alloxan;  when  exposed  to  the  air,  it  is  converted  into 
carbonate  of  baryta.     Similarly  with  lime-water.     (Brugnatalli.) 


M  2 
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DrfAfa/120^ 
2  BaO   153-2 

....     50-36 
....     15-78 
....       9-20 
....       0-99 
....     23-67 

Liebig&Wohlei, 
49-35 

8  C    480 

16-01 

2  N   28-0 

9-21 

3  H    3-0 

M7 

9  O   72-0 

24-26 

C8N2H»Ba2O'0+Aq.         3042 

....  100  00 

10000 

h.  Monobasic. —  1.  The  salt  a  is  partially  decompose^  by  digestion 
with  dilate  sulphuric  acid,  the  filtrate  evaporated,  and  left  for  some  days 
n  a  cool  place,  whereupon  it  deposits  crusts  consisting  of  small  nodules.  — 
2  The  acid  ammonia-salt  is  mixed  with  chloride  of  barium,  evaporated 
and  set  aside.     The  salt  crystallizes  when  its  aoueous  solution  is  eva- 
porated at  30°,  in  beautiful  silky  nodules.     It  readeos  litmus;  dissolves 
in  water  more  readily  than  the  neutral  salt,  still  more  readily  in  aqueous 
alloxanic  acid,  and  sparingly  in  alcohol,  which  does  not  precipitate  it 
from  the  aqueous  solution.  (Schlieper.) 


BaO.. 
8  C 

Air 

'dried 

crystaU. 

7G-6     .... 

48-0     .... 

31-19     .. 
1954     .. 
11-40 
204     .. 
35-83 

Schliepen 

31-83 

19-15 

2  N 

28-0     .... 

5  H 

5-0     .... 

2-22 

11  0 

88-0     .... 

C8>PH«BaO'0+2Aq 245-6     ....  100  00 

A  Uoxanate  of  Strontia.  —  Biham.  —  Prepared  like  the  baryta-salt  (I). 
Small  transparent  needle^,  which  completely  give  off  their  22-5  p.  c. 
(8  At.)  water  at  120°.  (Liebig  &  Wohler.) 

Air-dned  crystals,  Liebig  &  WChter. 

2SrO    104  ....  32-70  32*60 

8C 48  ....  15-10  15-14 

2  N 28  ....  8-80  8-76 

2  H 2  ....  0-63  0-90 

8  0 64  ....  2013  20-10 

8  HO 72  ....  22-64  22-50 

C«N«H*Si«0"»+8Aq.' 318     ....  100-00     100  00 

AUoxanaie  of  Lime,  —  a.  Bihasic.  —  1.  Aqueous  alloxan  forms  with 
chloride  of  calcium  on  addition  of  ammonia  a  thick  gelatinous  precipitate, 
which  on  standing  is  converted  into  transparent  crystalline  grains  and 
short  prisms,  which  give  off  their  water  at  120°,  and  dissolve  readily  in 
acetic  acid.  (Liebig  &  Wohler.)  —  2.  A  mixture  of  aqueous  alloxan  and 
chloride  of  calcium  is  precipitated  by  potash  not  in  too  great  quantity. 
(Schlieper.)  —  3.  A  mixture  of  neutral  alloxanate  of  potash  and  chloride 
of  calcium,  if  concentrated,  immediately  deposits  a  white  granular  crys- 
talline meal;  if  dilute,  it  yields  by  evaporation  small  prisms  having  a 
strong  lustre.  Dissolves  in  water  more  readily  than  the  baryta-salt, 
but  is  insoluble  in  alcohol,  which  precipitates  the  aqueous  solution, 
(o    hlieper.) 

Air-dried,  Schlieper. 

2  CaO  56  ....  19-44  19-47 

8  C 48  ....  16-67  15-85 

2  N 28  ....   9-72 

12  H 12  ....   417  4-21 

18  O 144  ....  50  00 

C«N^H*Ca«OW+10Aq 288  ....  10000 
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b.  Ifonobasic^^A  concentrated  mixture  of  the  acid  ammoDia-sall 
with  chloride  of  calcium  immediately  deposits  a  crystalline  meal;  a 
dilute  solution  yields  in  a  few  days,  transparent,  shining  prisms,  which 
have  a  harsh  and  bitter  taste,  effloresce  quickly,  give  off  2017  p.  c. 
(5  At.)  water  of 'crystallization  over  oil  of  vitriol  or  at  100°,  dissolve  iu 
20  pts.  of  water,  and  are  not  precipitated  from  the  aqueous  solution  by 
alcohol.  (Schlieper.) 

Dned  at  100^.  Schlieper. 

CaO    28     15-64     15-64 

C«N«H80«  151     84-36 


C«N3H3CaO» 179     10000 

AUoxanate  of  Magnesia.  —  AUoxauate  of  potash  and  chloride  of  mag- 
nesia mixed  in  the  state  of  concentrated  solution  yield,  after  a  while, 
crystalline  crusts  consisting  of  silky  nodules,  and  an  additional  quantity 
may  be  obtained  by  evaporating  the  mother-liauor.  They  dissolve  with 
tolerable  facility  in  water,  but  sparingly  in  alcohol^  which  precipitates 
the  aqueous  solution.  (Schlieper.) 

Air 'dried  cryHaU,  Schlieper. 

2  MgO  40     ....  14-71     14-97 

8  C 48     ....  17-65     17-84 

2  N 28     ....  10-29 

12  U    12     ....       4-41     4'68 

18  Q    144     ....  52-94 

C8N*H2iMg2O">+10Aq 272     ....  lOO'OO 

Alloxanaie  of  Manganese,  —  The  solution  of  carbonate  of  manganese 
in  aqueous  alloxanic  acid  yields  crystalline  grains  by  evaporation.  — 
When  sulphate  or  acetate  of  manganese  is  precipitated  by  alloxanate  of 
potash  (if  too  small  a  quantity  of  the  potash  salt  is  used,  the  precipitate 
redissolves  on  agitation);  the  copious  white  flakes  thus  produced,  washed 
out  of  contact  of  air,  with  weak  alcohol,  as  they  are  somewhat  soluble  in 
water;  and  dried  quickly  at  90°  to  100°  in  a  stream  of  hydrogen,  a 
white  amorphous  powder  is  obtained,  which  remains  permanent  in  the 
air  even  when  moistened;  whereas  the  recent  and  still  moist  precipitate 
deliquesces  to  a  brown  mass  when  exposed  to  the  air.  But  even  the 
dried  powder,  which  does  not  alter  in  the  air,  is  not  alloxanate  of 
manganese,  but  perhaps  mesoxalate  of  manganese  with  alloxanate  of 
potash,  inasmuch  as  it  contains  potash,  and  when  burnt  with  oxide  of 
copper,  yields  a  mixture  of  6  vol.  carbonic  acid  gas  and  1  vol.  nitrogen. 
(Schlieper.) 

Alloxanaie  of  Zinc,  —  a.  Tribadc,  —  When  alloxanic  acid  in  slight 
excess  is  poured  upon  recently  precipitated  carbonate  of  zinc,  the  carbonio 
acid  is  completely  expelled,  and  a  soluble  monobasic  salt  is  obtained, 
together  with  an  undissolved  tribasic  salt,  provided  the  acid  is  not  in  too 
great  excess.  —  2.  When  bibasic  alloxanate  of  potiish  is  mixed  with 
sulphate  or  acetate  of  zinc,  a  thick  precipitate  of  tribiisic  alloxanate  of 
zinc  ie  obtained,  which  increases  on  addition  of  a  small  quantity  of 
alcohol,  while  monobasic  alloxanate  of  potash  and  sulphate  or  acetate  of 
zinc  remain  in  solution.  —  [In  this  reaction,  2  At.  bi basic  alloxanate  of 
potash,  with  3  At.  sulphate  of  zinc  produce  3  At.  sulphate  of  potash, 
1  At.  monobasic  alloxanate  of  potash,  and  1  At.  tribasic  alloxanate  ctf 
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line;  Scblieper's  calculation,  according  to.  which  5  At.  bibasic  alloxanate 
of  potash  and  5  At.  sulphate  of  zinc,  produce  6  At.  sulphate  of  potash, 
4  At.  monabasic  alloicanate  of  potash,  and  2  At.  tribasio  sulphate  of  zinc, 
appears  to  be  founded  on  a  mistake.]  —  The  precipitate  obtained  by  (1) 
or  (2)  exhibits,  after  washing  and  drying  in  vacuo,  the  appearance  of  a 
horny,  translucent,  fissured  mass,  which  may  be  rubbed  to  a  snow-white 
powder,  gives  off  21-39  p.  c.  (8  At.^  water  at  110°,  dissolves  slowly  in 
water,  especially  when  dry,  but  readily  in  aqueous  alloxan ic  acid,  in  the 
form  of  monobasic  salt.  (Schlieper.)  —  Warm  aqueous  alloxan  forma 
with  oxide  of  zinc  a  colourless  solution,  which  becomes  turbid  on  cooling, 
and  forms  with  potash  a  white  precipitate  which  dissolves  with  rose-red 
colour  in  a  larger  quantity  of  potash.  (Brugnatelli.) 

Dried  in  vacuo.  Schlieper. 

3  ZnO  120-6     ...  3604  35*72 

8  C   48-0     ....  14-34  13-80  . 

2  N   28-0     ....  8-37 

1(1  H  100     ....  2-99  3  08 

16  O   128-0     ....  38-26 

ZiiO,C"N»H«Zn«0«>  +  8Aq.  3346      ...  lOO'OO 

6.  MoTiobasic.  —  Zinc  dissolves  in  the  aqueous  acid  with  evolution  of 
hydrogen.  (Liebig  &  Wbhler.)  The  solution  of  carbonate  of  zinc  or  of 
the  salt  a  in  excess  of  acid  yields  by  spontaneous  evaporation  a  gummy 
mass  in  which  crusts  made  up  of  nodules,  soon  form  and  may  be  freed 
from  the  viscid  mother-liquor  by  rincing.  The  crystals  have  a  pure 
sweet  taste,  without  the  metallic  after-taste  of  zinc:  they  dissolve  with 
tolerable  facility  in  water,  and  are  precipitated  therefrom  by  alcohol. 
(Schlieper.) 

Dried  aver  oil  qf  vitriol.  Schlieper. 

ZnO 40-2     ....     17-69  17*78 

8C 48*0     ....     21*13  20-64 

2  N 280     ....     12-33 

7  H     7-0    ....      3-08  3-66 

13  0 104-0     ....     46-77 

C8N«H»ZnOi0  4  4Aq 227-2     ....  lOO'OO 

Alloxanate  of  Cadmium. — Cadmium  dissolves  in  the  aqueous  acid  . 
with  evolution  of  hydro^n,  and  forms  an  acid  salt.     When  a  cadmium- 
salt  is  pr^ipitated  by  bibasic  alloxanate  of  potash,  a  white  precipitate  is ; 
formed  containing  potash.  (Schlieper.) 

Alloxanate  of  Lead. — a.  Trtbasic. — The  aqueous  acid  forms  with 
subacetate  of  lead  a  thick  white  precipitate,  which  dries  up  in  vacuo  to 
a  snow-white  nacreous  powder,  which  is  insoluble  in  water,  out  soluble  in 
aqueous  alloxanic  acid.  (Schlieper.) 

Dried  at  100^  Schlieper. 

3PbO 336    ....  70*29     ...     70-58 

8  C  48     ....  10  04 

2  N 28     ....       5-86 

2  H 2     ....       0*42 

8  O 64     ....  13-.39 


PbO,C«NSH'Pb«0»« 478     ...  10000 
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Air 'dried.  Schlieper. 

3PbO 336     ...  68-99  6911 

8  C 48     ....  9-86  9-78 

2  N 28     ....  5-75 

3H 3     ....       0-61     0-96 

9  O 72     ....     14-79 

PbO,C8N«H«Pb20»»  +  Aq.     487     ....  100-00 

h,  BUxme,  —  Water  extracts  the  monobasic  salt  e,  and  leaves  the 
bibasic  salt  in  the  form  of  a  loose  white  powder.  (Schlieper.) 

Dried  at  lOO"*.  SchUeper. 

2  PbO 224     ....  58-33  58-44 

8  C  48     ....  12-50  12-76 

2  N 28     ....  7-30 

4  H 4     ....  104  1-28 

10  O  80     ....  20-83 

C8N'-H*rb«0»''  +  2Aq 384     ....  10000 

Segquibcuic? — By  precipitating  aqueous  monobasic  allozanate  of 
lead  with  absolute  alcohol,  a  white  curdy  precipitate  is  obtained,  which, 
so  long  as  it  remains  moist,  deliquesces  to  a  transparent  syrup  on 
exposure  to  the  air,  but  dries  up  in  vacuo  to  a  white  powder,  which  is 
resolved  by  water  into  the  salts  6  and  d.  It  contains  48*41  p.  c.  oxide 
of  lead,  but  gives  off  7*87  p.  c.  water  at  100°,  and  then  contains  52*36 
p.  c.  oxide  of  lead.  (Schlieper.) 

d.  Monobasic.  —  The  solution  of  recently  precipitated  carbonate  of 
lead  in  the  aqueous  acid  leaves  by  spontaneous  evaporation  a  viscid 
syrup,  which,  after  a  while  yields  nodules  consisting  of  silky  needles. 
These  crystals  very  tlowly  give  off  6*36  p.  o.  (2  At.)  water  at  100°,  are 
resolved  by  ailcohol  into  free  acid  and  the  salt  c,  and  dissolve  with 
tolerable  £Eu;ility  in  water.  (Schlieper.) 


PbO .... 
8  C  

Air'dried, 

112     .... 

48     .... 

39*86  .. 
17*08     .. 

9*96 

1*78  .. 
31*32 

Schlieper. 

39-74 

17.16 

2N 

28     .... 

5  H  

5     .... 

1  86 

11  O  

,,, ,          OO         •■■• 

C8Nm»Pb< 

3^  +  2A 

q 281     .... 

10000 

The  fresh  solution  of  alloxan  in  ammonia  or  potash  forms  a  deep  Blue  predpiUte 
with  iron-salts.  (Brugnatelli.) 

AUoxanate  of  Cobalt.  —  The  red  solution  of  carbonate  of  cobalt  in  the 
acid  dries  up  in  vacuo  to  a  viscid  mass,  which  changes  in  a  few  weeks 
into  small  crystalline  nodules.  These  crystals,  after  being  rinced  with 
water  and  dried,  present  the  appearance  of  a  rose-coloured  crystalline 
meal,  which  turns  violet  at  100  ,  dissolves  but  partially  in  water,  is 
insoluble  in  alcohol,  and  contains  20*56  p.  c.  CoO,  22  24  C,  and  1*98  H, 
and  is  therefore  a  mixture  of  bibasic  and  monobasic  salt.  (Schlieper.) 

AUoxanate  of  Nickd.  — Bibasic, -^The  very  acid  solution  of  carbonate 
of  nickel  in  the  acid  leaves  in  vacuo  a  viscid  non-crystallizing  mass;  on 
the  other  hand,  alcohol  throws  down  the  greater  part  of  it  in  green 
flakes.     These,  when  washed  with  water  and  exposed  to  the  air  while 
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still  moist,  decompose  quickly  and  dry  up  to  a  green  mass;  but  when 
washed  with  alcohol  and  dried  in  vacuo,  they  leave  a  whitish  green, 
powder,  which  is  permanent  in  the  air,  and  dissolves,  for  the  most  part, 
m  water,  apparently  in  the  form  of  tribasic  salt,  since^  when  dried  at  100°, 
it  contains  41*86  p.  c.  oxide  of  nickel.  (Schlieper.) 

Dned  at  1 00^  Schlieper. 

2NiO    75     ....  29-64     29-15 

8  C 48     ....  18-97     19-67 

2N    28     ....  11-07 

6H    6     ....      2-37     2-71 

12  O 96     ....  37-95 

C«N«H2Ni20W  +  4  Aq 253     ....  10000 

AUoxanatt  of  Copper.  —  a.  Tribasic,  —  The  aqueous  acid  forms  with 
an  excess  of  recently  precipitated  carbonate  of  copper  a  dark  green  acid 
solution,  which,  when  filtered  from  the  excess  of  carbonate  of  copper, 
deposits,  after  a  while,  the  tribasic  salt  in  the  form  of  a  powder,  which 
has  a  bluish  green  colour,  even  after  drying,  and  is  insoluble  in  water. 

6.  Bihasic,  —  1.  On  evaporating  the  liquid  filtered  from  a,  there  is 
obtained  a  blackish  green  gum,  and  but  seldom  crystals.  —  2.  If  on  the 
other  hand,  the  solution  filtered  from  the  excess  of  carbonate  of  copper 
be  mixed  immediately  with  alloxanic  acid,  till  the  dark  green  colour  has 
changed  to  light  blue,  and  till  a  few  drops  evaporated  on  a  glass  for  a 
sample,  yield  crystals,  the  mixture,  when  left  to  evaporate  freely,  crys- 
tallizes to  the  last  drop  in  blue,  shining,  crystalline  nodules,  which  become 
green  and  opaque  at  100°,  without  giving  ofif  their  water  of  crystalliza- 
tion. They  dissolve  in  5  or  6  pts.  of  water,  forming  a  blue  liquid  which 
becomes  green  when  heated,  and  is  precipitated  by  alcohol  in  green  flocks, 
but  not  by  alkalis.  (Sclilieper.)  The  solution  of  capric  oxide  in  aqueous 
alloxan  yields  a  green  salt  which  crystallizes  in  plumose  tufts,  and  is 
turned  blue  by  ammonia  or  potash  without  any  precipitation.  (Brug- 
natelli.) 

SaU  a  dried  at  100^  Schlieper. 

3  CuO 120  ....  44-28     44-04 

8C  48  ....  17-71 

2  N 28  ....  10-33 

3  H 3  ....  I'll 

9  O  72    ....     26-57       

CuO,C»NSH2Ca20W  +  Aq 271     ....  lOO'OO 

SaU  b  dried  at  100"",  Schlieper. 

2  CuO 80  ....  27-21  27-21 

8  C  48  ....  16-33  16-61 

2  N 28  ....  9-52 

10  H 10  ....  3-40  3-17 

16  O : .-. 128  ....  43-54 


CSN'H^Cu'OW  +  8  Aq 294     ....  10000 

Mercuric  AUoxanate.  —  The  solution  of  mercuric  carbonate  in  alloxanio 
acid  (which  decomposes  very  readily  when  heated,  with  precipitation  of  a 
scaly  powder  consisting  of  mercurous  salt),  yields  with  absolute  alcohol  a 
powder  which  is  white  and  loosely  coherent  when  dry,  gives  off  12-55 
p.c.  (6  At.)  water  at  100*",  and  is  insoluble  in  water.  (Schlieper.) 
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Ai  lOO''.  Sdilieper. 

2  HgO 200  ....  58.48     59  68 

8C  48  ....  14-04     13-10 

2N 28  ....  '8-19 

2  H  2  ....  0-58 

8  O  64  ....  18-71 

C8N«H'Hg«0»  342     ....  10000 

AUoxanaf^i  of  Silver.  —  a.  Bibasic,  —  Bibasic  alloxanate  of  ammonia 
forms  with  silver-salts  a  white  precipitate  which  becomes  grey  when  dry. 
—  The  precipitate,  when  heated  in  the  liqaid,  also  tarns,  first  yellow^ 
then  black  by  reduction  of  silver,  and  gives  off  carbonic  acid,  if  it  con- 
tains free  ammonia,  which  first  decomposes  alloxanic  acid  into  urea  and 
mesoxalic  acid,  whereupon  the  mesoxalate  of  silver  is  resolved  by  heat 
into  silver  and  carbonic  acid.  Alloxanio  acid  precipitates  nitrate  <f 
silver  only  on  addition  of  ammonia.  The  white  precipitate,  when  boiled 
with  the  liquid,  merely  turns  yellow  without  further  decomposition.  — > 
The  dried  precipitate  exhibits,  considerably  below  a  red  heat,  a  decom- 
position which  spreads  through  the  entire  mass,  and  is  attended  with 
slight  detonation,  —  and  leaves  a  residue  which  when  further  heated, 
gives  off  a  large  quantity  of  cyanic  acid,  and  leaves  a  residue  of  silver* 
(Liebig  &  Wohler.) 


2  Ago 

8  C  .... 
2  N .... 
2  H  .... 
8  O  .... 


Liebig  &  WOhler. 

232     .... 

62-03     61-43 

48     .... 

12-85     13-07 

28     .... 

7-48     7-57 

2     .... 

0-53     0-66 

64     ... 

17-11     17-27 

C«N«H«Ag20» 374     ....  100-00    lOO'OO 

h,  Honobasic  t  —  A  solution  of  silver-oxide  in  aqueous  alloxanic  acid 
dries  up  to  a  gum  when  evaporated.  (Liebig  &  Wohler.) 

Alloxanic  acid  dissolves  in  5  to  6  pts.  of  alcohol;  the  eolation  in 
abeolate  alcohol  may  be  boiled  and  evaporated  without  deoompoeition.— ^ 
In  ether  it  is  lees  soluble  than  in  alcohol.  (Sohlieper.) 

It  has  not  been  fooud  possible  to  prepare  AUoxanie  ether  by  any  process  whatever. 
(Schlieper.) 


Appendix  to  Alloxanic  Acid, 

The  following  acid  most,  from  the  mode  of  its  preparation  and  many  statements 
respecting  its  properties,  be  regarded  as  impure  alloxanic  acid  $  bat  on  acconnt  of  the 
many  diversities  which  it  likewise  exhibits,  it  is  best  treated  separately,  at  least  tUl  these 
discrepancies  are  cleared  np. 

Ozuric  Acid. 

Vauquelin.     Mem.  du  JAm.  7,  253. 

Acide  purpurique  blane.    Ac.  urique  eurosigini. 

Preparation.  1  pt.  of  uric  acid  is  dissolved  in  a  cold  mixture  of 
2  pts.  (or  rather  more)  nitric  acid  of  34*  Bm.  and  2  pts.  water  (the  vessel, 
according  to  Quesneville,  being  surrounded  with  ice);  the  solution  satu- 
rated with  milk  of  lime;  the  basic  oxurate  of  lime,  which  separates  from 
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the  red  mixture  in  white  shining  crystals^  dissolved  in  a  sufficient  quantity 
of  dilute  acetic  acid  to  neutralize  the  alkaline  reaction;  and  the  liquid 
left  to  cool  till  the  neutral  lime-salt  crystallizes.  The  crystals  of  the 
lime-salt  are  dissolved  in  24  times  their  quantity  of  water;  the  lime  pre- 
cipitated therefrom  by  30  per  cent,  of  crystallized  oxalic  acid;  the  filtrate 
evaporated  to  dryness;  and  the  acid  dissolved  out  with  alcohol,  filtered  to 
separate  a  small  quantity  of  oxalate  of  lime  which  had  remained  dis- 
solved through  the  medium  of  the  oxuric  acid,  and  evaporated.  —  (Ques- 
neville,  {J,  Chim,  mH.  4,  225;  also  Pogg.  12,  629),  precipitates  the  above 
solution  with  subacetate  of  lead,  after  neutralization  with  ammonia; 
washes  the  fine  red  precipitate  with  a  large  quantity  of  cold  water;  sus- 
pends it  in  water;  and  decomposes  it  with  excess  of  sulphuretted  hydrogen 
—  because,  if  too  small  a  quantity  be  used,  the  purpuric  acid  likewise  pre- 
sent remains  undecomposed;  —  then  filters  and  evaporates.) 

Properties,  White  crystals  having  a  very  acid  taste  like  that  of 
oxalic  acid;  they  melt  at  a  gentle  heat,  and  solidify  in  a  brittle  gummy 
mass  on  cooling. 

The  lead-salt  of  this  acid  contains  75  p.  c.  lead-oxide  and  25  p.  o. 
hyp.  anhydrous  acid;  the  latter  containing  37*34  p.  c.  C,  1604  N^ 
17-22  [?]  H,  and  2934  0. 

Becompo^ftions.  Yields  by  dry  distillation,  hydrocyanate  and  car- 
bonate of  ammonia,  empyreumatic  oil  and  charcoal.  Does  not  leave  any 
red  residue  when  dissolved  in  nitric  acid  and  evaporated. 

Combinations.     The  acid  dissolves  very  readily  in  water. 

The  AUcaline  Oxurates  are  colourless,  perfectly  neutral,  form  white 
precipitates  with  stannous  and  with  lead-salts,  and  do  not  precipitate 
nitrate  of  silver. 

Oxurate  of  Ammonia,  —  The  acid  neutralized  with  aqueous  ammonia, 
yields  by  eraporation  in  sunshine,  crystals  which  have  an  acid  reaction 
in  consequence  of  the  partial  volatilization  of  the  ammonia. 

Oxurate  of  Lime.  —  a,  Basic,  —  Precipitated  in  the  preparation  of 
oxuric  acid  (vid,  sup,).  Tastes  sweet  and  slightly  alkaline.  Contains 
27*5  p.  c.  lime  and  31  water;  becomes  yellowish  when  dry,  and  then 
effervesces  slightly  with  acids.  Dissolves  sparingly  in  cold,  much  more 
freely  in  hot  water;  but  the  solution,  if  saturated  at  a  gentle  heat, 
deposits  part  of  the  lime  at  100^  —  b.  Neutral  — Formed  by  dissolving 
the  salt  a  in  hot  dilute  nitric  acid,  till  the  alkaline  reaction  is  removed, 
and  cooling.  Neutral  colourless  crystals  permanent  in  the  air,  having  a 
slightly  sweet  taste,  and  containing  12*6  p.  c.  lime,  and  25*5  water.  By 
dry  distillation,  they  first  yield  water,  then  carbonate  of  ammonia  which 
condenses  in  needles,  and  a  liquid  containing  hydrocyanate  with  a  small 
quantity  of  carbonate  of  ammonia,  and  leave  a  residue  of  carbonate  of 
lime  mixed  with  charcoal.  Dissolves  in  more  than  40  pts.  of  cold  water, 
and  in  a  smaller  quantity  of  boiling  water,  without  decomposition^  and 
crystallizes  out  on  cooling. 

Oxurate  of  Lead,  —  Free  oxuric  acid  does  not  precipitate  neutral 
acetate  of  lead^  but  oxurate  of  lime  forms  a  white  precipitate  with  that 
salt;  a-  large  portion   of  the   oxurate  of  lead,  however,  remains   dis- 
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0o1ved,  and  separates  out  partly  on  heating  the  liquid,  partly  on  evapo- 
rating it  nearly  to  dryness,  after  which  the  salt  may  be  washed  with 
water.     It  contains  75  lead  oxide  and  25  acid. 

Mercurous  Oxurate.  —  Oxuric  acid  forms  a  white  precipitate  with 
mercurons  nitrate. 

Oxurate  of  Silver,  —  The  free  acid  and  its  lime-salt  do  not  precipitate 
nitrate  of  silver  if  dilated  to  a  certain  point.  White  needles  which  taste 
like  nitrate  of  silver,  and  turn  red  on  exposure  to  light. 

Oxuric  acid  dissolves  readily  in  alcohol. 


L  Nttrogen-nudeiu.    C*NAdO^ 

Alloxan. 

C«N*H»0«  =  C»x\AdO«,0*. 

Gaspard  Bruonatelli.     Brugn,  Giom,    M,  38   and   117;  also  Ann. 

Chim.  Pkyn.  8,  201;  also  Schw.  24,  308;  also  N.  Tr,  3,  ],  88. 
Prout.     Ann.  Phil  14,  363. 
LiEBiG  &  WoHLER.     Ann.  Pkarm,  26^  256. 
Fritzsche.     J.  pr.  Chem,  14,  237. 
ScHUEPER.    Ann  Pharm,  55,  253. 

Discovered  in   1817  by  Brugnatelli,  who  named  \i  Acido  ossieritfico, 
trytkric  acid;  more  completely  examined  by  Wohler  <&  Liebig  in  1838. 

Formation,  In  the  decomposition  of  uric  acid  by  nitric  acid  (Brug* 
natelli,  Liebig  <&  Wohler),  or  by  chlorine  or  iodine,  (firugnatelli.) 

Preparation.  1.  Two  pts.  of  a  mixture  of  ordinary  and  of  the 
strongest  fuming  nitric  acid,  exhibiting  a  density  of  1*48  to  1*50,  are 
placed  in  a  flat  basin,  and  1  pt.  of  uric  acid  added  in  small  portions  and  with 
constant  stirring,  each  portion  being  added  after  the  effervescence  caused 
by  the  former  portion  has  subsided  and  the  mixture  has  become  cool. 
The  solution,  which  is  now  solidified  to  a  white  crystalline  magma,  is  left 
to  cool  completely,  and  then  placed  on  a  brick  or  on  blotting  paper 
several  times  folded;  the  white  powder  which  remains  after  24  hoars, 
dissolved  in  an  equal  weight  of  warm  water,  and  the  bihydrated  alloxan 
left  to  crystallize  from  the  filtered  solution  in  a  warm  place.  (Liebig  & 
Wohler.)  —  In  a  cool  place,  it  would  yield  octohydrated  crystals  by 
which  the  purification  would  be  rendered  more  difficult.  If  weaker 
nitric  acid  is  used,  other  products  are  formed  together  with  the  alloxan, 
and  completely  prevent  the  separation  of  the  latter.  (Liebig  &  Wohler.) 
The  alloxan-orystals  are  often  contaminated  with  a  little  alloxantin,  from 
which  they  must  be  freed  by  solution  in  a  small  quantity  of  cold  water 
and  filtration.  (Liebig.) 

2.  Twelve  hundred  grains  of  uric  acid  are  added  in  successive  por- 
tions, and  with  constant  stirring,  to  1700  grains  of  nitric  acid  of  sp.  gr. 
1*412  contained  in  a  flat  dish  (during  which  process  the  liquid  may  be 
allowed  to  become  slightly  warm,  but  too  much  heat,  whion  would  de- 
compose the  alloxan,  must  be  prevented  by  cooling  the  dish  in  water). 
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The  whole  is  then  left  to  cool  over  night;  the  crystalline  magma  thrown  into 
a  funnel  plugged  with  ashestus  [or  better  with  coarsely  pounded  glass] ; 
the  last  portious  of  the  mother-liquor  carefully  displaced  by  ice-cold 
water  till  the  liquid  which  runs  through  exhibits  but  a  faint  acid  reaction; 
the  crystals  dissolved  in  the  smallest  possible  quantity  of  water  of  50°  to 
60°;  the  solution  filtered  and  cooled  till  it  crystallizes;  and  a  few  more 
crystals  obtained  by  evaporating  the  mother-liquor  at  50°.  The  heat 
must  not  be  allowed  to  exceed  that  limit,  as  in  that  case,  the  nitric  acid 
still  adhering  to  the  crystals  would  convert  a  portion  of  the  alloxan  into 
alloxan  tin,  and  perhaps  also  into  acid  oxalate  of  ammonia.  —  The  mother- 
liquor  which  remains  after  the  separation  of  these  crystals,  together  with 
that  which  has  run  from  the  draining  funnel,  mixed  with  a  threefold 

Suantity  of  water,  is  treated  with  sulphuretted  hydrogen  gas,  which  pro- 
uces  alloxan  tin  and  a  small  quantity  of  dialuric  acid;  and  then  exposed 
for  some  days  to  evaporation  in  the  air,  as  long  as  alloxan  tin  separates 
out  (which  may  be  purified  by  soluiion  in  boiling  water,  filtering  from 
sulphur  and  crystallization),  while  the  mother-liquor  still  yields  a  small 
quantity  of  parabanic  acid,  less  however  as  the  process  has  been  more 
successful.  In  this  manner,  100  parts  of  uric  acid  yield  90  pts.  of  crystals 
of  octo-hydrated  alloxan,  and  a  quantity  of  alloxantin  corresponding  to 
10  pts<  of  hydrated  alloxan.  Sometimes  100  pts.  of  uric  acid  yield 
altogether  106  to  107  pts.  of  octo-hydrated  alloxan.  Calculation 
(C^<>N*H*0«  :  C«N*HW,  8  Aq  =  168  :  214  =  100  :  1274)  gives  as  the 
maximum  127*4  pts.  of  octo-hydrated  alloxan  from  100  pts.  of  uric  acid. 
(Gregory,  Ann,  Fharm.  33,  335;  FkU*  Mag.  J,  28,  550;  also  J.  pr, 
Ghent,  39,  218.) 

Gregory  formerly  used  nitric  acid  of  sp.  gr.  of  1  '30  to  1  *35,  but  this 
was  afterwards  declared  both  by  Schlieper  and  by  Gregory  himself  to  be 
less  advantageous.  Gregory  also  added  uric  acid  to  the  nitric  acid  only 
till  crystals  of  alloxan  began  to  appear  in  the  warm  liquid;  placed  the 
crystalline  magma  which  formed  on  cooling  on  a  funnel  stopped  with 
asbestus,  washed  it  with  a  very  small  quantity  of  ice-cold  water;  dis- 
solved fresh  quantities  of  uric  acid  in  the  mother-liquor  which  ran  off; 
placed  the  cooled  mass  in  a  fresh  funnel;  and  proceeded  in  the  same 
manner  several  times  with  the  mother-liquor  which  ran  away,  till  it  no 
longer  acted  upon  uric  acid  even  when  gently  heated. 

Of  similar  nature  is  the  following  method  proposed  by  Schlieper: 
4  oz.  of  nitric  acid  of  sp.  gr.  1  '40  to  1  *42  are  placed  in  a  beaker-glass 
surrounded  with!  cold  water;  and  uric  acid  added  with  constant  stirring 
and  in  successive  quantities,  as  much  as  can  be  laid  on  the  point  of  a 
knife,  each  portion  being  allowed  to  dissolve  before  the  next  Is  added, 
and  care  being  taken  that  the  heat  evolved,  which  up  to  a  certain  point 
favours  the  regular  decomposition,  does  not  rise  above  30°  or  35°,  as  it  is 
likely  to  do,  if  ihe  portions  of  uric  acid  are  added  too  quickly  one  after 
the  other,  or  if  too  much  is  added  at  once,  in  which  case  the  alloxan  is 
decomposed  with  evolution  of  red  fumes.  As  often  as  crystals  of  alloxan 
form  in  the  mixture,  they  are  collected  on  a  funnel  plugged  with 
asl)estus,  to  withdraw  them  from  the  further  action  of  the  nitric  acid, 
whilst  the  liquid  which  runs  off  is  again  mixed  with  uric  acid,  which  may 
be  added  in  larger  quantities  and  with  less  cooling  of  the  vessel,  as  the 
violence  of  the  action  diminishes.  In  this  manner  crystals  of  alloxan  are 
repeatedly  collected  in  the  funnel,  and  a  thickish  mother-liquor  runs 
away,  which  when  exposed  to  a  low  temperature  for  24  hours,  yields  a 
fresh   quantity  of  alloxan-crystais  to  be  collected  in  a  funnel.     The 
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whole  of  the  alloxan  is  then  placed  upon  a  hrick,  mixed  in  a  flask 
with  half  its  weight  of  warm  water,  heated  to  60"  or  80°,  and  filtered; 
th$  undissolved  portion  is  treated  in  the  same  manner.  The  mixed 
filtrates  yield  on  cooling  large  crystals  of  ootohydrated  alloxan.  The 
mother-liquor  yields  by  evaporation  at  30°,  impure,  yellowish  alloxan, 
and  from  the  mother-liquor  then  remaining,  parabanic  acid  may  be 
prepared  by  boiling  with  a  little  nitric  acid.  To  obtain  in  the  form  of 
alloxantin  the  alloxan  still  contained  in  the  thinner  mother-liquor  run  off 
from  the  asbestus -funnels,  this  liquid  is  nearly  neutralized  with  chalk  or  oar> 
bonate  of  soda;  |  of  it  saturated  with  sulphuretted  hydrogen  gas,  whereby 
sulphur  and  alloxantin  are  precipitated,  and  at  the  same  time  a  certain 
quant  ity  of  dialuric  acid  is  produced  by  the  further  action  of  that  gas; 
and  the  remaining  ^  of  the  mother-liquid  added,  the  alloxan  of  which 
acts  upon  the  dialuric  acid  in  such  a  manner  as  to  form  alloxantin;  the 
alloxantin,  which  is  completely  precipitated  in  the  course  of  24  hours, 
is  then  collected  on  a  filter,  washed  with  cold  water,  dissolved  in  boiling 
water,  filtered  from  the  sulphur,  aud  left  to  crystallize.  —  By  this  treat- 
ment, 100  pts.  of  uric  acid  yield  41*7  pts.  of  pure,  1)  '7  pts.  of  yellowish^ 
octohydrated  alloxan,  5*0  pts.  of  parabanic  acid,  and  11*7  pts.  of  al-' 
loxantin.  (Schlieper.) 

IT  Delfis  {J.  pr,  Chem.  58,  438)  adds  uric  acid  in  small  portions  to 
twice  its  weight  of  nitric  acid  of  sp.  gr.  1*42,  in  a  capacious  platinum 
crucible  standing  in  cold  water;  the  anhydrous  [bihydrated]  alloxan 
thus  obtained  amounts  to  83  or  85  p.  c.  of  the  uric  acid  consumed.  T. 

3.  Into  a  basin  containing  4  oz.  of  uric  acid  and  8  oz.  of  moderately 
strong  hydrochloric  acid,  6  drams  of  pure  pulverized  chlorate  of  potash 
are  added,  in  the  course  of  half  an  hour,  by  successive  portions,  and  with 
constant  stirring,  whereby  a  liquid  containing  alloxantin  aud  urea  is 
produced,  and,  provided  the  process  be  carefully  conducted,  without  any 
evolution  of  carbonic  acid  or  chlorine:  the  action  is  attended  with  rise  of 
temperature,  which  however  must  not  exceed  a  certain  limit.  The 
resulting  liquid  is  diluted  with  twice  its  bulk  of  cold  water;  decanted 
after  three  hours  from  the  undissolved  uric  acid;  this  residue  heated  to 
50°  with  a  small  quantity  of  strong  hydrochloric  acid,  and  another 
2  drams,  or  less,  of  chlorate  of  potash  gradually  added  till  the  uric  acid 
has  disappeared.  The  alloxan  contained  in  the  mixture  of  the  two 
solutions  is  then  converted  by  sulphuretted  hydrogen  into  alloxantin, 
which  is  collected  on  the  filter  together  with  the  sulphur  (while  a  solution 
containing  urea  runs  ofi*);  separated  from  the  sulphur  by  solution  in 
boiling  water  and  filtration;  and  then  left  to  crystallize.  To  convert  the 
2  oz.  7  dr.  20  gr.  of  alloxantin  thus  obtained  into  alloxan,  half  of  it  is 
boiled  with  a  double  quantity  of  water,  nitric  acid  being  dropt  in  at  the 
same  time  till  an  effervescence  of  nitric  oxide  becomes  perceptible;  the 
liquid  kept  hot  on  the  water-bath  till  the  effervescence  is  ended;  a 
portion  of  the  second  half  of  the  alloxantin  then  added  till  a  fresh 
portion  produces  no  effervescence;  then  again  a  small  quantity  of  nitric 
acid,  and  so  on,  till  only  a  small  quantity  of  alloxantin  remains  in  excess, 
and  the  nitric  acid  is  completely  decomposed;  the  liquid  filtered  hot; 
and  3  or  4  drops  of  nitric  acid  added,  to  convert  the  alloxantin  com- 
pletely into  alloxan,  whereupon  the  liquid  yields  on  cooling  beautiful 
crystals  of  alloxan.  (Schlieper.) 

Brugnatelli  added  nitric  acid  to  uric  acid  at  long  as  efTervescence  ensued ;  decanted 
the  liquid  from  the  yellow  flakes  which  were  deposited  ;  left  these  flakes  to  drain  apoa 
bibulous  paper ;  dissolved  them  in  water ;  and  left  the  filtrate  to  crystallize  by 
evaporation. 
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To  obtain  anhydrous  alloxan  from  the  bihjdrated  or  octohydrated 
compound,  the  latter  must  be  very  carefully  heated  to  100°,  in  order  to 
convert  it  into  the  bihydrated  compound,  and  this,  or  the  pulverised 
crystals  of  the  same  hydrate,  must  be  heated  for  some  time  to  150*^ — IGO^ 
in  a  stream  of  dry  hydrogen  gas.  (Gm.) 

Properties,  Alloxan  in  the  pure  state  is  doubtless  white;  but  a 
product  formed  by  the  action  of  lieat  imparts  to  it  a  pale  brown-red 
colour.  (Gm.) 

The  aaueous  solution  tastes  pungent  at  first,  but  afterwards  sweetish. 
(Brngnatelli.)  Its  taste  is  slightly  astringent;  it  reddeus  litmus;  colours 
the  skin  purple  aft«r  a  while,  and  imparts  to  it  a  peculiar  and  disgusting 
odour.  (Liebig  &  Wohler.) 

Calculation  according  to  Liebig  &  WShler' 8  analyses  of  bihydrated  alloxan. 

8  C 48  .  .  33-80 

2  N 28  ....  19-72 

2  H 2  ....  1-41 

8  0 64  ....  4.S-07 

C»N*H20»   142     ....  100-00 

Liebig  &  W5hler  regarded  bihydrated  alloxan   (C^N^H^O^^O    «*  ^be  anhydrous 
compound. 

Decompositions.  1.  The  aqueous  solution  of  alloxan  exposed  to  the 
action  of  a  voltaic  current,  gives  off  oxygen  gas  at  the  positive  pole  and 
deposits  crystalline  crusts  of  alloxantin  at  the  negative  pole.  (Liebig  & 
Wohler.)  It  yields  oxygen  gas  at  the  positive  pole,  and  scarcely  any 
hydrogen  at  tlie  negative  pole,  but  acquires  at  that  part  a  dark  red 
colour.  (Brngnatelli.)  —  2.  Bihydrated  alloxan  yields  by  dry  distillation 
a  peculiar  crystalline  product.  (Liebig  &  Wohler.)  —  It  acquires  a  slight 
reddish  tinge  even  at  1 00°  (Liebig  &  Wohler) ;  and  even  by  exposure  to 
the  heat  of  the  sun.  (Brugnatelli.)  This  reddish  tinge,  which  incliues  to 
brown,  increases  somewhat  at  150°,  at  which  temperature  there  is  like- 
wise formed  a  trace  of  a  white,  mealy  sublimate  red  at  the  bottom. 
The  pale  red  solution  of  this  strongly  heated  alloxan  soon  becomes  spon- 
taneously decolorized,  and  like  the  colourless  solution  of  alloxan,  yields 
alloxantm  with  sulphuretted  hydrogen.  (Gm.) 

3.  Hot  dilute  nitric  acid  converts  alloxan  into  parabanic  acid,  with 
evolution  of  carbonic  acid  (Liebig  &  Wohler); 

C»N«H«08  +  20  =  C«N«HW  +  2C0». 

The  parabanic  acid,  when  heated  for  a  longer  time  with  nitric  acid,  is 
converted  into  carbonic  acid  and  nitrate  of  urea.  Alloxan  cannot  there- 
fore be  recovered  from  its  solution  in  weak  nitric  acid  by  evaporation. 
But  bihydrated  alloxan  is  scarcely  decomposed  by  heating  with  strong 
nitric  acid.  (Schlieper.)  Alloxan  does  not  give  off  nitrous  vapours  when 
heated  with  copper  and  oil  of  vitriol.  (Liebig  and  Wohler.) 

4.  Alloxan  dissolves  in  warm  concentrated  hydrochloric  or  in  dilute 
sulphuric  acid,  with  continuous  effervescence,  and  with  formation  of 
alloxantin.  The  solution  when  heated  for  some  time,  becomes  turbid, 
and  on  cooling  deposits  shining  crystals  of  alloxantin,  while  the  mother- 
liquor  yields  by  evaporation  acid  oxalate  of  ammonia.  The  first  products 
of  the  reaction  are  alloxantin,  oxalic  and  oxaluric  acid: 
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4C^N'H<OW  +  4H0  -  CWN<H»«0»  +  CWO'  +  2C«N«H«0«; 

hyd  rated 
alloxantin. 

the  oxalurio  acid  is  converted  bj  farther  action  of  hydrochloric  acid  into 
oxalic  acid  and  urea: 

C«N«H*0»  +  2H0  «  C<H»0»  +  (?N«H*0» ; 

and  the  nrea  is  finally  resolved  into  carbonic  acid  and  ammonia,  which 
remains  combined  with  the  oxalic  acid.  (Liebig  &  Wohler): 

C«N3H<0«  +  2H0  -  2C03  +  2NH». 

Liebig  (CAim.  org.  1,  229)  gives  the  equation: 

2C8N3I^OW  +  6H0  «  C«N«H*OW  +  3C«Ha»  +  2C0*  +  2NH». 

hydrated        oxalic  acid, 
alloxantin. 

[The  equation  might  be  however: 

4(?N«H«08  +  14HO  =  C^N^H^O"  +  3C<H«08  +  4C0«  +  4NH>.] 

anhydrous       oxalic  acid, 
alloxantin. 

The  solution  rendered  turbid  by  heating  for  a  short  time  frequently 
does  not  deposit  anv  crystals  of  alloxantin  on  cooling,  but  only  on  dilu- 
tion with  water  and  standing  for  some  time. 

The  hydrochloric  acid  solution,  after  being  heated  for  a  short  time, 
forms  with  baryta- water  a  white  precipitate  (alloxan),  but  after  longer 
heating,  continually  darker  violet  precipitates  (alloxantin),  the  colour 
however  continually  diminishing  by  longer  boiling,  a  proof  that  the 
alloxantin  is  decomposed.  The  solution  then  deposits,  on  cooling,  instead 
of  alloxantin,  a  yellow  powder  which  dissolves  slowly  in  water  but 
readily  in  ammonia,  whence  it  is  slowly  precipitated  by  acetic  acid;  its 
composition  is  C*N*H'0*,  and  it  forms  yellow  crystalline  grains  with 
ammonia,  but  when  heated  with  excess  of  ammonia,  is  converted  into  a 
yellowish  gelatinous  powder,  which  dissolves  slowly  in  water  but  readily 
in  ammonia,  and  resembles  niycomelate  of  ammonia.  (Liebig  &  Wohler.) 

5.  The  solution,  after  boiling  for  a  short  time  with  excess  of  aqueous 
sulphurous  acid,  forms  a  white  precipitate  with  baryta-water,  ana  after 
longer  boiling,  a  violet  precipitate,  the  colour  of  which  however  dimi- 
nishes continually  when  the  boiling  is  continued  still  longer.  (Liebig 
&  Wohler.)  —  But  when  aqueous  alloxan  is  saturated  with  .sulphurous 
acid  and  evaporated  at  a  gentle  heat,  the  liquid  yields  on  cooling  large 
transparent  efflorescent  tables  of  a  snbstance,  which,  when  treated  with 
ammonia,  does  not  form  crystals  of  thionurate  of  ammonia,  but  solidifies 
with  it  to  a  reddish  transparent  paste.  (Liebig  &  Wohler.)  These 
crystals  appear  to  be  a  compound  of  1  At  alloxan  with  2  At.  sulphurous 
acid;  for  on  adding  potash  to  a  mixture  of  aqueous  alloxan,  and  excess 
of  sulphurous  acid  till  a  slight  alkaline  reaction  is  produced,  hard 
shining  crystals  of  a  potash-salt  are  obtained,  whose  acid  is  composed  of 
1  At.  alloxan  and  2  At.  sulphurous  acid.  (Gregory,  JPhil.  Mag.  J.  24, 
189;  also  J.  pr.  Ghem.  32,  280.) 

6.  When  aqueous  sulphurous  acid  is  added  to  a  oold-saturated  solu- 
tion of  alloxan  till  its  excess  becomes  perceptible  by  the  odour^  then 


176  BUTTLENE:   NITROGEN-NUCLEUS  C^NAdO*. 

ammonia  added,  and  the  mixture  boiled  for  a  short  time,  a  solution  of 
thionurate  of  ammonia  is  formed,  which  on  cooling  crystallizes  in  shining 
laminae.  (Liebig  &,  Wbhler): 

C»N«H90»  +  3NH»  +  2S03   +  2H0  «  2NH3,CSN»H60s,2SO'  +  2Aq. 

7.  Aqueous  alloxan  heated  with  peroxide  of  lead  forms  carbonate 
of  lead  and  urea  (Liebig  &  Wohler): 

C8N3H209  +  40  +  2H0  «  C«N2H<0S  +  6C0*. 

The  urea  amounts  to  38*41  of  the  bihydrated  alloxan.  [Calculation  gives  37*5  p.  c. 
(160  :  60  B  100  :  37'5).]  Oxalic  acid  and  a  white  powder  insoluble  in  water  but  soluble 
in  ammonia,  which  are  also  formed  io  small  quantity,  must  be  regarded  as  unessential. 
(Liebig  &  Wohler.) 

8.  Aqueous  alloxan  gradually  dropt  into  a  boiling  solution  of  neutral 
acetate  of  lead,  forms  a  precipitate  of  mesoxalate  of  lead  (ix.  426),  which 
is  flocculent  at  first,  but  afterwards  aggregates  in  the  form  of  a  crystalline 
meal,  while  urea  remains  dissolved  in  the  liquid: 

C«N2H»08  +  4H0  -  CfiH^Ow  +  C^NSH^O*. 

But  when  the  acetate  of  lead  is  poured  into  the  solution  of  alloxan,  a 
scanty  rose  coloured  precipitate  is  obtained,  which  is  greatly  increased 
by  addition  of  alcohol,  and  contains  alloxantin  and  oxalic  acid.  (Liebig 
&  Wohler.) 

9.  Aqueous  alloxan  forms  with  baryta  or  lime-water,  after  a  while 
only  if  the  alkali  is  in  insufficient  quantity,  but  immediately  if  it  is  in 
excess,  a  shining  crystalline  precipitate  of  alloxanate  of  baryta  or  lime. 
A  similar  action  is  produced  by  strontia- water,  and  by  mixtures  of 
chloride  of  barium,  strontium  or  calcium,  or  of  nitrate  of  silver,  with 
ammonia.  (Liebig  &  Wohler,  pp.  158  and  160).  When  the  alkali  is  in 
excess,  urea  is  found  in  the  filtrate,  and  the  precipitated  alloxanate  of 
baryta  is  mixed  with  mesoxalate.  (Schlieper.)  —  Alloxan  boiled  with 
aqueous  alkalis  is  resolved  into  mesoxalic  acid  and  urea  (Liebig  & 
Wbhler): 

C?Sm^Cfi  +  4HO  -  C«H«OW  +  C^N^H^O*. 

10.  The  solution  of  alloxan  in  ammonia,  which  has  a  scarcely  per- 
ceptible reddish  tint,  turns  yellow  when  gently  heated,  and  solidifies  on 
cooling  or  evaporation,  to  a  yellowish  jelly  of  mycomelate  of  ammonia. 
(Liebig  &  Wohler;  see  page  181.)  The  liquid  retains  in  solution  allox- 
anate and  mesoxalate   of  ammonia,    together  with   urea-    (Liebig.)  — 

The  ammpniscal  solatiou,  which  is  yellow  at  first,  reddens  and  ^becomes  turbid  on 
standing,  and  deposits  yellow  flakes  which  dissolve  with  red  colour  in  water.  (Bmgna- 
telli.)  —  Ammoniacal  gas  passed  at  100*^  over  bihydrated  alloxan  forms  a  light  brown- 
red  mass,  which  dissoWcs  in  water,  forming  a  carmine-coloured  solution.  (Gm.) 

11.  The  saturated  aqueous  solution  of  alloxan  gives  off  carbonic  aciil 
when  boiled,  the  evolution  of  gas  continuing  for  a  considerable  time,  and 
the  alloxan  being  resolved  into  alloxantin  and  parabanic  acid: 

[3C8N«H«08«C'«N<H^O"  +  C^N  HW  +  2C02.] 

In  consequence  of  the  formation  of  alloxantin,  the  boiled  liquid  forms  a 
blue  precipitate  with  baryta-water,  pnrpurate  of  ammonia  wh(  n  treated 
with  carbonate  of  ammonia^  and  yields  a  large  quantity  of  alloxantin- 
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crystals  on  cooling.  (Liebig  &  WbLler,  Ann.  PJiarm.  38,  357.)  — When 
tlie  alloxan-Bolation  is  boiled  down,  a  red  substance  remains  together  with  the  alloxan ; 
this  substance  forms  with  water  a  bright  red  solution,  which  in  course  of  time  becomes 
decolorized  and  deposits  white  flakes ;  it  is  also  decolorized  by  boiling,  and  gives  off 
red  vapours  [?].  (Brugnatelli.) 

12.  Protochloride  of  tin,  or  aqneous  hydrochloric  acid  with  zinc  or 
sulphuretted  hydrogen,  converts  aqueous  alloxan  into  alloxan  tin,  and  the 
two  latter  reagents  then  conyert  the  alioxantin  into  dialuric  acid.  (Liebig 
&  Wbhler): 

[First :  2C"N«H208  +  2  H  «  C»«N^H*0"  +  2H0 ; 
then  :  C>«N^H<0"  +  2H  =  2C«N2H^08.] 

The  chloride  of  tin  immediately  throws  down  crystals  of  alioxantin. 
When  hydrochloric  acid  is  used  with  zinc,  dialuric  acid  is  found  in  the 
liquid;  and  if  the  hydrochloric  acid  is  hot  or  concentrated,  the  precipitated 
alioxantin  is  converted  into  the  yellow  shining  crystalline  powder  men- 
tioned on  page  175.  With  sulphuretted  hydrogen,  the  liquid  first  do- 
posits  sulphur,  then  crystals  of  alioxantin,  which,  especially  at  a  boiling 
heat,  is  converted  by  the  further  action  of  the  sulphuretted  hydrogen, 
into  dialuric  acid.  Aqueous  cyanide  of  potassium  likewise  precipitates 
dialurate  of  potash  from  aqneous  alloxan  after  a  few  hours.  (Liebig  & 
Wohler,  Ann.  Fkaim.  41,  291.) 

13.  Aqueous  alloxan  colours  ferrous  salts  deep  indigo-blue,  at  first 
without  precipitation;  but  on  addition  of  alkali,  a  precipitate  is  imme- 
diately formed.  (Brugnatelli,  Liebig  &  Wohler.) — Aqneous  alloxan 
dissolves  iron  with  yellow,  red,  and  blue  colour;  in  either  cose  the 
solution  turns  blue  on  addition  of  an  alkali.  Protoxide  of  iron  forms  a 
yellow  solution  which  turns  blue  on  exposure  to  the  sun  and  by  the 
action  of  alkalis,  but  recovers  its  yellow  colour  after  a  while.  Sesqui- 
oxide  of  iron  forms  a  yellow  solution  which  yields  a  grey  precipitate 
with  a  small  quantity  of  alkali,  but  redissolves  in  a  larger  quantity, 
forming  a  blue  solution.  These  iron-solutions  when  decomposed  by 
the  galvanic  current,  deposit  a  blue  crust  at  the  negative  pole. 
(BmgnatellL) 

14.  Bihydrated  alloxan  struck  on  the  anvil  in  contact  with  potas- 
sium detonates  slightly  and  with  a  faint  light.  (Gm.) 

Combinalions,  With  water.— a.  BihydrcUed  Alloxan.  —  Crystallizes 
on  evaporating  a  warm  aqueous  solution  of  alloxan,  in  oblique  rhombic 
prisms  belonging  to  the  oblique  prismatic  (monoclinometric)  system,  and 
naving  the  appearance  of  rhomboidal  octohedrons  truncated  at  the  sum- 
mits (Hausmann).  They  are  large,  transparent,  and  colourless,  have  a 
glassy  Instre,  and  are  permanent  in  the  air.  (Liebig  &  Wohler.) 


8  C 

2  N 

48    .. 

28     .. 

..    300 
..     17-5 
..       2-5 
..     500 

Liebig  &  Wbhler. 

30-41 

17-96 

A  H    

4     .. 

2-56 

10  0 

80     .. 

49-07 

C»N*H<OW  .... 

C8N2H208   .. 

2  HO 

Or: 

160    .... 

1000     ... 

88-75     ... 
11-25     ... 

10000 

Gii». 

88-65 

11-35 

C«N*HH)^  +  2Aq 160     ....  10000     lOQOO 

The  bihydrated  alloxan  was  heated  for  two  hour«  to  loO'^-^lGGo  in  a  stream  of  dry 
hydrogen  gas.     Gm. 

VOL.   X.  N 


178  BUTYLENE:  NITROGEN-NUCLEUS  CSNAd^HO^ 

h.  OdohydraUd  Alloxan,  —  An  aqueous  solution  ot  alloxan  saturated 
wliile  warm  yields  on  cooling,  large,  transparent,  colourless  crystals 
belonging  to  the  right  prismatic  system,  and  having  a  nacreous  [vitreous] 
lustre.  They  effloresce  rapidly  in  warm  air,  and  give  off  26  to  27  p.  c. 
water,  either  in  a  warm  or  a  cold  vacuum,  or  when  heated  to  100*  in 
the  air.  (Liebig  &  W5hler.)  ^y^^^^y^,       Gm. 

C8N2H40W 160    ....     74-77     73-5    74-72 

6  HO 54     ....     25-23     26-5     25-28 

C8N«H«08+8Aq 214     ....  lOO'OO     lOO'O     10000 

f .  c.  Nonohydrated  Alloxan.  —  A  solution  of  alloxan  containing  a 
trace  of  nitric  acid,  deposited  large  masses  having  a  rhorabedral  form 
and  scaliform  on  the  sides.  They  wei-e  found  by  analysis  [the  details  of 
which  are  not  given]  to  contain  C*N«H*0^«+ 7 Aq.  [or  C»N*Hy+9Aq]. 
After  being  kept  in  a  bottle  for  2  or  3  years,  they  were  found  m  summer, 
to  be  partly  converted  into  a  liquid  and  a  quantity  of  crystals.  The 
alloxan  was  then  completely  decomposed,  the  products  of  the  decom- 
position being:  (1),  alloxantin;  (2),  a  beautiful,  easily  crystallizing  body, 
different  from  alloxan  and  alloxantin,  and  giving  no  colour  with  barytar 
water;  (3),  a  large  quantity  of  a  substance  still  more  soluble  and  having 
a  strong  acid  reaction.  (Gregory,  Ann.  Fharm.  87,  126.)  % 

d.  Alloxan  dissolves  readily  and  without  colour  in  water.  (Brug- 
natelli,  Liebig  &  Wbhler.) 

It  is  insoluble  in  strong  nitric  acid,  and  may  be  precipitated  by  that 
acid  from  its  solution  in  water.  (Schlieper.) 

Aqueous  alloxan  does  not  decompose  carbonate  of  baryta  or  car- 
bonate of  lime ;  neither  does  it  act  upon  oxide  of  lead,  even  at  a  boiling 

Alloxan  dissolves  readily  and  without  colour  in  alcohol,  (Brugnatelli.) 


G.    Niirogm-nuchtLs,    C'NAd*HO*. 

Uramil. 

C«N'H»0»  =  C»NAd*HO*,0^ 

Liebig  k  Wohleb.  (1838.)    Ann.  Fharm.  26,  274;  313  and  323. 

Formation,  1.  By  boiling  an  aqueous  solution  of  thionuric  acid  or 
cf  thionurate  of  ammonia  supersaturated  with  dilute  sulphuric  or  with 
hydrochloric  acid,  for  a  short  time,  till  it  becomes  turbid,  and  then 
leaving  it  to  cool.  Even  when  the  solution  is  moderately  dilate,  it  solidifies  to  a 
crystalline  magtaa  while  yet   warm. — 2.   By   boiling    an   aqueouS   solution    of 

alloxantin  with  hydrochlorate  or  oxalate  of  ammonia. 

Preparation.  A  solution  of  thionurate  of  ammonia  saturated  in  the 
cold  is  heated  to  the  boiling  point,  hydrochloric  acid  then  added,  the 
boiling  continued  for  a  few  seconds,  the  liquid  left  to  cool,  and  the 
needles  which  slowly  separate,  washed  and  dried. 
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Properties.     White  hard  needles  having  a  silky  lustre,  united  in 
plumose  tufts  and  turning  red  on  exposure  to  the  air. 

Liebig  &  W5bler. 

8  C 48     ....     33-56     33-29 

3N    42     ....     29-38     28*91 

5  H    5     ....       3-50     3*77 

6  O    48     ....     33-56    34*03 


C81»PH«0« 143    ....  10000    10000 

[UramU  (C8N»H«0«)  is  to  dialnrio  acid  (C8N»H*0»)  at  oxamide  (C*N8H<CM)  to 
oxamicacid  (C^NHW);  and  aimilarly,  the  unknown  C*NH'0^<^  would  correspond  to 
oxalic  acid  (C*Hsa\)] 

Decompositions,  1 .  Uramil  treated  with  nitric  acid  /fires  off  nitric 
oxide  gas  free  from  carbonic  acid,  and  forms  a  solution  which  is  coloured 
purple-red  by  ammonia,  and  when  evaporated  and  cooled,  solidifies  to  a 
crystalline  magma  of  alloxan,  while  nitrate  of  ammonia  remains  in  the 
mother-liquor.     [Perhaps  in  this  manner: 

C8N»H»0«  +  20  «  C8JPH208  +  NH3.] 

.2.  Uramil  dissolves  quietly  in  cold  oil  of  vitriol,  whence  it  is  preci- 
pitated by  water  as  a  white  powder,  while  only  traces  of  ammonia  remain 
in  the  liquid.  But  if  the  solution  in  oil  of  vitriol  be  diluted  with  water 
merely  till  it  begins  to  show  turbidity,  and  the  mixture  then  boiled,  with 
renewal  of  the  water,  till  it  is  no  longer  precipitated  by  a  large  quantity 
of  water,  it  yields  by  evaporation  crystals  of  uramilio  acid,  sulphate  of 
ammonia  being  formed  at  the  same  time: 

2C8N»H«0«  +  8H0  -  CWN*HWO«  +  NH»]. 

nramilic  acid 

[or  perhaps  :    2CWH»0«  4  2H0  -  C^N'H'O"  +  NH«.] 

niamilic  acid. 

When  too  much  sulplinric  acid  is  added,  no  uramilic  acid  is  obtained; 
but  the  liquid,  after  exposure  to  the  air  for  some  time,  yields  crystals  of 
dimorphous  aUoxantin  (or  dial  uric  acid?) 

(C8N»H«0«  +  2H0  =  C8N«H^08  +  NH»)  ? 

3.  When  mercuric  oxide  or  oxide  of  silver  is  added  by  small  portions 
and  not  in  excess,  to  uramil  suspended  in  boiling  water,  the  metal  is 
reduced,  but  without  evolution  ot  gas,  and  a  purple  liquid  is  obtained, 
which  on  cooling  deposits  crystals  of  purpurate  of  ammonia,  while  either 
alloxan  or  alloxantin  remains  iu  the  mother-liquor.  [Admitting  that 
these  latter  products  proceed  from  oxidation  c-arried  too  far^  and  are 
therefore  unessential,  the  equation  will  be: 

2C8N3H*0«  +  20  =  C^fiN'^RsO"  +  2H0.] 

The  slightest  excess  of  metallic  oxide  decolorizes  the  purple  liquid, 
which  then  contains  alloxanate  of  ammonia.     [Perhaps  in  this  manner: 

C8N»H«0«  +  20  +  2HO  -  NH»,C8N2H^OW  ] 

Purpurate  of  ammonia  is  more  advantageously  obtained  by  adding  am- 
monia in  small  quantities,  together  with  the  metallic  oxide  to  the  uramil 
while  boiling  in  water.  [Perhaps  the  ammonia  prevents  the  oxidation 
from  going  too  far.] 
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4.  When  a  hot  dilate  Bolution  of  potash  is  saturated  with  uramil,  a 
small  quantity  of  ammonia  is  evolved,  and  a  pale  yellow  solution  obtained 
which  rapidly  absorbs  oxygen  from  the  air,  acquires  a  continually  deeper 
pnrple  or  almost  violet  colour,  and  when  exposed  to  the  air  over  night 
deposits  a  large  quantity  of  shining  gold-green  prisms  containing  potash 
[purpurate  of  potash].  The  supernatant  mother-liquor  is  neutral^  and 
contains  either  alloxanate  or  mesoxalate  of  potash.  —  [If  purpurate  of 
potash  be  regarded  as  C^'N'H^KO^^  and  the  alloxanic  or  mesoxalic  acid 
as  a  secondary  product^  the  equation  will  be: 

2C«N8H»0«  +  KO  +  20  =  C"N*H^K0»3  +  NH'  +  3H0] 

When  a  solution  of  uramil  in  potAsh  is  boiled  for  some  time,  a  large 
quantity  of  ammonia  is  evolved;  the  quantity  of  undecomposed  uramil 
which  can  be  precipitated  from  the  nitrate  by  hydrochloric  acid  con- 
tinually decreases;  and  the  hydrochloric  acid  filtrate  supersaturated  with 
ammonia,  forms  with  chloride  of  calcium  a  white  precipitate,  which  dis- 
solves in  a  large  quantity  of  water,  and  resembles  uramilate,  oxalurate 
or  mesoxalate,  —  or,  if  the  boiling  with  potash  has  been  long  enough  con- 
tinued, —  oxalate  of  lime.  According  to  Licbig,  (Chim,^  org.  1,  225,) 
uramilic  acid  is  produced  in  this  reaction. 

5.  A  solution  of  uramil  in  ammonia,  boiled  and  evaporated  in  an 
open  vessel,  acquires  a  deep  purple-red  colour,  and  yields  on  cooling 
crystals  of  purpurate  of  ammonia: 

[2C8N>H»0«  +  20  -  C»«N«H90"  +  2H0; 

According  to  this  equation,  the  ammonia  must  be  regarded  merely  as  a 
solvent  of  the  nramilj.  —  Liebig  &  Woliler,  on  the  other  hand^^  give  the 
equation: 

2C»N»H50«  +  30  =  C»N*H«0»  +  C^NHO*  +  iAt.  hyp.  anhydalloxanic  acid  +  3H0 

purpurate  of 
ammonia. 

A  solution  of  uramil  in  ammonia  mixed  with  an  aqueous  solution  of 
alloxan,  also  yields  a  large  quantity  of  purpurate  of  ammonia; 

[C«N»H»0«  +  0WH2O8  +  NH8  -  C«N«H»0»  +  2H0]. 

Gerhardt  {Ann,  Chim,  Phys.  72,  184),  who,  with  Liebig  &,  Wohler, 
regards  purpurate  of  ammonia  as  C"N*H*0',  or  rather  as  C**N***H"0** 
gives  the  equation : 

C«Nni*0«  +  2C«N«H^0"  +  3NH3  «  CWnwhi^O"  +  lOHO. 

Combinations.  Uramil  is  insoluble  in  cold,  sparingly  soluble  in  hot 
water,  from  which  it  crystallizes  on  c-ooling. 

It  dissolves  iu  cold  oil  of  vitriol,  whence  it  is  precipitated  without 
alteration  by  water. 

It  dissolves  without  decomposition  in  cold  aqueous  ammonia  or  potash, 
from  which  it  is  precipitated  by  acids.  (Liebig  &  Wohler.) 
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f.   NUrogen-nucUv^s.    C^NAdXH'Ol 

Dilituric  Acid. 

C«N»H»0»  =  C»NAdXHW,0«. 
ScBLiEPER.     (1845.)    Ann.  Fharm.  56,  23. 

When  a  hot  aqueoua  solution  of  alloxantin  is  quickly  boiled  with 
hydrochloric  acid;  the  mixture  of  allituric  acid  and  alloxantin  which 
precipitates  on  cooling,  treated  with  nitric  acid,  to  dissolve  out  the  latter; 
the  alloxan  separated  from  the  nitric  acid  solution  in  the  form  of  allox- 
antin by  sulphuretted  hydrogen;  and  the  filtrate  mixed  with  nitric  acid, — 
whereby  the  dialuric  acid  formed  by  the  sulphuretted  hydrogen  is  con- 
verted into  parabanic  acid, — ^and  evaporated  down  to  ^  of  its  bulk: 
diliturate  of  ammonia  separates  in  the  form  of  a  yellowish  white  powder, 
which  may  be  purified  by  recrystallization  from  hot  water,  while  scarcely 
anything  but  parabanio  acid  remains  in  the  liquid. 

Diliturate  of  ammonia  [or  the  amide]  crystallizes  in  yellow,  brightly 
shining  lamin»,  the  colour  of  which  is  not  removable  by  animal  charcoal, 
but  appears  to  be  essential. 

It  dissolves  in  dilute  potash  (not  in  concentrated  potash-solution, 
because  the  resulting  potash-salt  is  insoluble  in  that  liquid),  with  evolu- 
tiou  of  ammonia;  and  acids  added  to  it,  throw  down  the  acid  potash-salt, 
in  the  form  of  a  yellowish  white  powder. 

It  is  nearly  insoluble  in  cold  and  but  sparingly  soluble  in  hot  water; 
insoluble  in  ammonia;  dissolves  readily  in  oil  of  vitriol,  whence  it  is  pie- 
cipitated  by  water  undecomposed  and  with  unaltered  amount  of  nitrogen. 
It  is  neither  dissolved  nor  decomposed  by  strong  nitric  acid. 

The  so-called  Ammonia -taU  dried  at  100**.  Schlieper. 

8  C 48     ....     25-26  25-67 

4N    56     ....     29-47  30-16 

6H    6     ...       3-16  3-30 

10  O    80     ....     42-11  40-97 

C«N*H«OW>  190     ....  100-00    100  00 

[If  this  compound  is  regarded,  not  as  on  ammonia-salt,  bat  as  an  amide  » 
C^Ad^H'O'jQ*,  a  ^iew  which  accords  with  all  its  chemical  relations,  the  acid 
contained  in  it  must  be  C8N3H»0"=C8NAdXH«02,0«.-.  (C»Nm«0»»  +  2HO-NH8« 
C^N'H^O^).  The  analyses  of  the  following  salts  are  calculated  according  to  this 
hypothesis.  Schlieper  on  the  contrary,  regards  the  acid,  which  he  likewise  supposes  to 
be  bibasic,  as  C^Nm^QW  or  in  the  hyp.  anhydrous  state,  C^N'RO".  —  Laurent, 
Compt,  rend.  31,  353),  gives  for  the  hydrated  acid  the  formula  C^N'U'O*^  ^ 
C8N»XH»0«.] 

Potash-saU. — a.  NeiUral. — Obtained  by  boiling  the  ammonia-salt  with 
dilute  potash,  till  ammonia  is  no  longer  evolved,  adding  alcohol  to  the 
hot  solution  till  the  precipitate  begins  to  become  permanent,  and  leaving 
it  to  crystallize  by  cooling.  Lemon- yellow,  shining,  loosely  aggregated 
needles.  They  do  not  give  off  water  at  1 00°,  but  at  a  higher  temperature 
they  deflagrate  suddeuly,  with  evolution  of  carbonic  and  cyauio  acids, 
and  are  converted  into  cyanate  of  potash  free  from  charcoal.  [Probably 
thus: 

.  C"N3H3K=0«  =  2C-NK0-  +  C-NHO-  +  2C02  +  2IiO.] 
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They  dissolve  pretty  readily  in  water^  bat  are  insoluble  in  alcohol. 

Needles  dried  at  100°.  ScElieper. 

2  KO 94-4     ....     35-30     34*35 

8C 48-0    ....     17-95 

3N 42-0    ....     15-71    • 

3  H 30     ....       1-12 

10  0 800    ....     29-92 

CNAdXHK20«,0«  267-4    ....  100*00 

AceOrdiDg  to  Schlieper,  the  fomnila  is  2K0,CSN'H0S  +  Aq. 

h,  AcidrKiU,  —  Obtained  by  precipitating  the  aqueous  aolution  of  a 
with  a  stronger  acid.  Yellowish  white  powder,  which  behaves,  when 
heated,  like  the  salt  a.  It  dissolves  in  oil  of  vitriol,  and  is  precipitated 
therefrom  by  water  without  any  alteration  in  the  amount  of  potash.  It 
dissolves  sparingly  in  cold,  more  readily  in  hot  water,  whence  it  crystal- 
lizes out  on  cooling.  Contains  21*78  p.  c.  potash,  and  is  therefore 
KO, C*N>HO»,  2Aq.  [The  formula  C«N»H*KO>*  requires  206  p.  o. 
potash.] 

Silver-BoU,  —  Nitrate  of  silver  is  not  precipitated,  either  by  the 
ammonia  or  by  the  acid  potash-salt;  but  the  neutral  potash  immediately 
throws  down  from  it  a  powder  of  a  bright  lemon-colour.  This  salt  deto- 
nates when  heated  almost  like  a  fulminate,  and  in  consequence  of  the 
scattering  which  takes  place,  leaves  only  48*76  p.  c.  silver.  (Schlieper.) 
[The  formula  C«N»H*Ag»b^'  would  require  53-33  per  cent] 


If.    IfUrogen-nucUui.    C*N*H*. 

Mycomelic  Acid. 

Or:  C"N*H*0*  =  C«N«H*,OM 

LiEBio  &  WShIiBB,     (1^38.)    Ann^  Fharm.  26,  304. 

Formation  and  Preparation*  Aqueous  alloxan  assumes  a  yellow 
colour  when  gently  heated  with  ammonia,  and  If  the  mixture  is  concen- 
trated, deposits  mycoroelate  of  ammonia,  immediately  after  the  heat  has 
been  applied,  as  a  heavy  brownish  yellow  powder;  but  if  the  mixture  is 
dilute,  it  deposits  the  salt  after  a  while  in  the  form  of  a  yellowish  trans- 
parent jeUy.  —  [perhaps  in  this  manner: 

C^N'H^O"  +  3NH»  =  NH«,C8N<H»0»  +  3H0 ; 

or,  if  perfectly  dried  mycomelic  acid  be  not  C*N*H*0",  but  C*N*H*0*,  the 
equation  must  be: 

CN2H«08  +  3NH»  «  NH»  C8NH*0<  +  4H0.] 

The  acid  may  be  precipitated  by  sulphuric  acid,  either  from  the  hot 
aqueous  solution  of  mycomelate  of  ammonia  obtained  as  above,  or  imme- 
diately from  the  aqueous  solution  of  alloxan  heated  with  ammonia. 
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Froperiies,  Mycomelic  acid  recently  precipitated  is  a  translocent 
gelatinous  subataDce;  bat  after  washing  it  dries  up  to  a  yellow^  loosely 
coherent  powder,  which  reddens  litmus. 

Dried  at  I0(i'.  Liebig  &  WShler.                     Calculation.  b,     ' 

8C 48     ....     32-22  33-13  8C 48  ....  34-29 

4N    56     ....     37-58  38-36  4N 66  ....  40*00 

5  H    5     ....      3-36  3-57  4  H 4  ....  2-86 

5  0    40     ....     26-84  24-94  4  0 32  ....  2285 

C»N*H»0* ....  149    ....  100-00    100-00  C^N'H^O^  ....  140    ....  10000 

Calciilatiun  h  is  founded  on  the  supposition  that  the  salt  dried  at  120^  retains 
1H0>  which  would  escape  at  a  higher  temperature. 

The  acid  dissolved  in  potash  is  decomposed  on  boiling,  with  evolution 
of  ammonia.  (Liebig,  (7/«'wi.  07«^.) 

Combiimtions.  Mycomelic  acid  dissolves  slowly  in  cold,  readily  in 
hot  waUr, 

It  decomposes  the  alkaline  carbonates. 

Mycomelate  of  Ammonia, — A  solution  of  alloxan  in  warm  concen* 
trated  ammonia,  heated  till  it  becomes  decolorized,  deposits  this  salt  on 
cooling,  in  the  form  of  a  yellowish  powder,  sometimes  flocculent^  some- 
times granular. 

Mycomelate  of  Silver,  —  The  ammonia-salt  throws  down  from  nitrate 
of  silver,  yellow  gummy  flakes,  which  may  be  heated  in  the  liquid  to  the 
boiling  point  without  decomposition,  turn  yellowish  brown  when  washed, 
especially  in  the  dark,  and  then  dry  up  to  hard  grey  lumps,  which  yicl<l 
an  olive-green  powder.  The  salt  when  heated,  yields  a  copious  subli- 
mate of  cyanate  of  ammonia,  which  changes  to  urea  when  dissolved  in 
water,  and  a  crystalline  substance,  having  a  peculiar  odour  and  red- 
dened by  the  presence  of  another  substance.  It  is  insoluble  in  water. 
(Liebig  &  Wohler.) 

Licbig  &  WShlcr. 

8  C 48     ....     19-43 

4N 56     ....     22-67 

3H 3     ....       1-22 

Ag    103     ....     43-73     44-39 

4  O 32     ....     12-93 

C^iVflSAgO*  247     ....  100-00 


Gonjngated  Compounds  allied  to  the  preceding. 

Thionuric  Acid. 

O»N»HW,2S0»  =  C^jS^Ad'^HOSO*  +  2S0M 
LiBBio  &  Wohler.  (1888.)  Ann.  Pharm.  26,  268,  314,  and  331. 

.Fbrma/ton,  p.  176,  6. 

Preparation  of  Thionurate  of  Ammonia*     1 .  Sulphurous  acid  is  added 
to  a  cold -saturated  aqueous  solution  of  alloxan  till  its  odour  is  no  longer 
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destroyed,  tlio  liquid. then  immediaielj  sapersaturaied  with  ammonisi, 
boiled  for  half  an  hour,  and  left  to  crystallize  by  cooling.  —  2.  Better  : 
An  aqueous  solution  of  sulphite  of  ammonia  is  mixed  with  excess  of  car- 
bonate of  ammonia,  then  with  aqueous  alloxan,  the  mixture  kept  in 
a  state  of  ebullition  for  half  an  hour,  and  then  left  to  crystallize  by 
cooling. 

Freparation  of  Thionuric  Add,  —  A  solution  of  thionurate  of  ammo- 
nia in  hot  water  is  precipitated  by  neutral  acetate  of  lead,  the  preci- 
pitate washed,  suspended  in  water,  and  decomposed  by  sulphuretted 
hydrogen,  and  the  filtrated  evaporate  at  a  gentle  heat. 

Properties,  While  mass,  consisting  of  needles;  reddens  litmus 
strongly;  has  a  very  sour  taste;  permanent  in  the  air. 

The  acid  mixed  with  ammonia  reproduces  the  crystals  of  thionurate 
of  ammonia. 

Calculation  qf  the  free  acid; 

8  C 48     ....  21-52 

3  N 42     ....  18-84 

5  H 5     ....  2-24 

8  0 64     ..-  28-70 

2  S0» 64    ....  28-70 

C8N«H*0«,2SO» 223    ....  100-00 

Liebig  &  WShler  assame,  and  probably  with  reason,  according  to  the  bchavionr  of 
the  acid  and  its  ammonia^salt  in  Tarious  reactions,  that  it  contains,  not  sulphoric  but 
sulphorooB  acid. 

Decomposition.  The  aqueous  acid  becomes  turbid  when  boiled,  and 
solidifies  during  the  ebullition,  in  consequence  of  the  formation  of  silky 
needles  of  uraniil,  sulphuric  acid  being  set  free  at  the  same  time  :  — 
[Perhaps  in  this  manner  : 

C»NSH»08,2S03  =  CN^HW  +  2S0».] 

Combinations,     The  acid  dissolves  readily  in  water. 

The  ueutral  tliionurates  contain  2  At.  base;  they  yield  sulphite  of 
potash  by  fusion  with  hydrate  of  potash,  and  evolve  sulphurous  acid 
^vhen  treated  with  oil  of  vitriol. 

Thionurate  of  Ammonia,  —  For  the  preparation,  vid,  sup,  —  Colourless  four- 
sided  tables  and  laminsD,  having  a  mother-of-pearl  lustre  when  dry. 
They  assume  a  rose -colour  at  100%  (giving  off  6  p.  c.  or  2  At.  water. 
[Lieoig,  Chim,  org,J\  They  may  be  recrystallized  without  decomposition 
Irom  water,  in  whicn  they  dissolve  very  sparingly  at  ordinary,  but  very 
readily  at^  higher  temperatures.  When  fused  with  hydrate  of  potash, 
they  yield,  not  sulphate  but  sulphite  of  potash.  The  aqueous  solution 
reduces  selenium  from  selenions  acid : 

[2NH»,C«N>H»08,2S08  +  SeQS  «  CSN^H^QS  +  3NH»  +  2S0»  +  Sc]. 

The  solution  reduces  silver  from  the  nitrate  in  the  specular  form.  — At 
ordinary  temperatures,  it  is  not  decomposed  by  an  excess  of  sulphuric 
hydrochloric  or  nitric  acid;  but,  at  a  boiling  heat,  the  mixture  becomes 
turbid,  and  solidifies  to  a  magma,  consisting  of  needles  of  uramil, 
(amounting  to  47'05  p.  c),  and  the  filtrate,  which  contains  the  liberated 
eulphuric  acid,  precipitates  chloride  of  barium. —  On  evaporating  the 
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cold-sataraied  aqaeous  eolation  of  the  salt  with  a  small  quantity  of  snl- 
phnric  acid,  at  a  gentle  lieat,  a  large  quantity  of  fine  white  needles  is 
obtained,  consisting  of  acid  thionnrate  of  ammonia;  with  a  large  quantity 
of  sulphuric  acid,  uramil  is  obtained,  and  changes  to  uramilic  acid,  and 
with  a  still  larger  quantity  of  sulphuric  acid,  the  latter  is  converted  into 
dimorphous  alloxantin  [or  dialuric  acid].  —  (Acid  thionurate  of  ammonia 
is  obtained,  when  the  aqueous  solution  of  1  At.  of  the  neutral  salt  is 
evaporated  at  a  gentle  heat  with  1  At.  hydrochloric  acid,  in  the  form  of 
white  crusts  composed  of  small  crystals.)  (Gregory,  FhU.  Mag.  J.  24, 
189.) 

CrytialUzed.  Liebig  &  WShler. 

8  C 48     ....     17-45     1802 

5N    70     ....     25-45     26-10 

13  H    13     ...       4-73     4-88 

8  0    64     ....     23  27     22-47 

2  SC 80     ....     29-10     28-53 

2NH>,C8N3H*0«,2SO^  +  2Aq 275     ....  100-00     10000 

Thionnrate  of  Baryta,  —  The  ammoniacal  salt  throws  down  from 
chloride  of  barium,  translucent,  gelatinous  flakes,  which,  after  a  while, 
become  opaque  and  crystalline,  dissolve  readily  in  hydrochloric  acid, 
and  when  boiled  with  nitric  acid,  yield  sulphate  of  baryta,  but  no  free 
sulphurio  acid. 

Thionumte  of  Lvine,  —  A  warm  aqueous  mixture  of  thionurate  of 
ammonia  and  nitrate  of  lime  deposits  short  silky  needles,  containing 
19'5  p.  c.  (2  At.)  lime. 

Thionurate  of  Zino,'^  An  aqueous  mixture  of  the  ammonia-salt  with 
a  zinc-salt,  soon  deposits  thionurate  of  zinc  in  small,  lemon-yellow, 
sparingly  soluble,  crystalline  nodules. 

Thionurate  of  Lead, —  The  hot  solution  of  thionurate  of  ammonia 
forms,  with  neutral  acetate  of  lead,  translucent  gelatinous  flakes,  which 
on  cooling  change  to  white  or  rose-coloured  slender  needles,  united  in 
tufts.  The  salt  yields  by  distillation,  urea,  and  a  peculiar  product  which 
crystallizes  in  large  lamina).  Its  solution  in  hot  nitric  acid,  the  forma- 
tion of  which  is  attended  with  eflervcscence,  deposits  sulphate  of  lead, 
neither  lead  nor  sulphuric  remaining  in  the  filtrate.  It  dissolves  in  dilute 
hydrochloric  acid. 

2  PbO 224 

8  C  

3  N  

5  H 

8  O  

2  SO*  

C8K»H3Pb20»,2S02  +  2  Aq 447     ....  10000 

Thionurate  of  Copper,  —  The  ammonia- salt  forms,  with  sulphate  of 
copper,  a  light  brownish  yellow  pre<:ipitate,  which  is  doubtless  a  cuprous 
salt.  When  heated,  it  dissolves  with  brownish  yellow  colour  in  the 
liquid,  and  separates  again  on  cooling  in  the  amorphous  state.  (Liebig  & 
AVbhler.) 


Liebig  &  W5hler. 

24 

....     50-11 

48 

....     10-74 

10-95 

42 

....       9-40 

9-51 

5 

....       Ml 

104 

64 

....     10-74 

64 

....     17-90 

.    I 
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Allozantin. 

LiEBio  &  WoHLBft.  (1838.)    Ann,  JPharm.  26,  262  and  309. 
Fbitzsche.  £tdl,  icient.  de  VAcad.  de  Ftterib,  4,  81;  also «/.  pr.  Chem. 
14,  237. 

Urojein  (Fritzacbe)i  AUoxaniine, 

Formation,  1.  By  the  action  of  warm  dilute  nitric  acid  upon  nrio 
acid.  —  2.  By  heating  alloxan  for  a  short  time  with  dilute  sulphuric 
acid,  or  boiling  it  for  a  long  time  with  water,  or  by  treating  the  aqueous 
solution  of  alloxan  with  sulphuretted  hydrogen,  or  with  hydrocliloric 
acid  and  zinc,  or  with  protochloride  of  tin.  —  3.  By  boiling  uramil  with 
dilute  sulphuric  or  hydrochloric  acid.  —  4.  By  heating  thionunito  of 
ammonia  with  a  larger  quantity  of  dilute  sulphuric  acid.  (Liebig  & 
Wohler.)  —  5.  Apparently  also  in  the  decomposition  of  caffein  by  chlo* 
rine.  (Rochleder,  vid.  Caffein.) 

Preparation.  1 .  Dry  uric  acid  is  added  to  warm  and  very  dilute 
nitric  acid,  till  the  resulting  colourless  or  pale  yellow  liquid  no  longer 
acts  upon  it;  the  solution  gently  evaporated  till  it  assumes  an  onion>red 
colour;  then  cooled;  and  the  cr^retals  purified  by  recryatallization  from 
hot  water.  (Liebig  8c  Wohler.)  —  Or  dilute  nitric  acid  is  gradually  added 
to  1  pt.  of  uric  acid  in  32  pts.  of  water,  till  all  the  uric  acid  is  dissolved; 
the  solution  then  evaporated  down  to  two- thirds;  and  the  crystals  which 
separate  after  a  few  days,  purified  by  recrystallization.  (Liebig.)  A 
similar  mode  of  preparation,  which,  however,  yields  a  quantity  of 
alloxan  tin  amounting  only  to  10  p.  c.  of  the  uric  acid,  is  described  by 
Fritzsche. 

2.  Sulphuretted  hydrogen  is  passed  through  an  aqueous  solution  of 
alloxan;  the  resulting  magma  heated  till  the  alloxantin  dissolves;  then 
filtered  from  the  precipitated  sulphur;  and  the  filtrate  left  to  crystallize. 
(Liebig  &  Wohler.) 

3.  A  solution  of  alloxan  in  dilute  sulphuric  acid  is  heated  for  a  few 
minutes,  whereby  it  becomes  turbid,  and  yields  crystals  of  alloxantin  on 
cooling.  (Liebig  &  Wohler.) 

4.  Alloxantin  is  likewise  obtained  as  a  secondary  product  in  tho 
preparation  of  alloxan  by  Gregory's  process  (p.  171);  also  in  Schlieper's 
method  of  preparing  alloxan  with  nitrio  acid  or  chlorate  of  potash 
(p.  172.) 

5.  When  dialurate  of  ammonia  is  evaporated  at  a  gentle  heat  with  a 
largo  excess  of  dilute  sulphuric  acid,  and  the  solution  loft  to  stand  for 
some  time,  dimoi'pkous  allcxaniin  crystallizes  out,  differing  from  ordinary 
alloxantin  by  its  peculiar  crystalline  form,  but  exhibiting  the  same 
composition.  ^Liebig  and  Wohler.)  This  product  is  crystallized  dialuric 
acid  convertea  into  alloxantin  by  the  action  of  the  air.  (Gregory.) 

The  crystals  of  alloxantin  obtained  by  either  of  these  processes  are 
freed  from  their  water  of  crystallization  by  heating  them  to  150°.  (Liebig 
&  Wohler.) 

Of  the  properties  of  anhydrous  alloxantin,  nothing  is  known  (vid. 
Hydraied  Alloxantin.) 
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Calcnlation  of  Anhydrous  Alloxanttn. 

16  C    96     35-82 

4  N   56     20-89 

4  H    4     1-50 

14  O    112     41-79 

C»WH<0" 268    10000 

[Alloxaiitiii  may  be  regarded  as  a  conjugated  compound  of  alloxan  and  dialoric  add: 
C?»N>fl20»  +  (?N«H<0«  -  Ci«N<H*0"  +  2H0.] 

Decompositions,  1 .  AUoxantin  yields  bj  dry  distillation  a  peculiar 
crystalline  product.  (Liebig  &  Wohler.) 

2.  When  heated  in  chlorine-water  it  is  converted  into  alloxan.  Also, 
with  slight  effervescence,  when  diffused  in  boiling  water  and  mixed  with 
a  small  quantity  of  nitric  acid,  the  alloxan  separating  from  the  liquid 
after  evaporation  to  a  syrup.  (Liebig  an<l  Wohler.)  The  hot  solution  of 
alloxantin  is  likewise  converted  into  alloxan  by  selenious  acid,  with 
precipitation  of  selenium  (Liebig  &  Wohler): 

[C"N*H<0"  +  20  -  2C^''H20«.] 

3.  A  solution  of  alloxantin  in  aqueous  hydrochloric  acid  rapidly 
boiled  down  to  a  small  quantity,  deposits  on  cooling,  a  white  powder  of 
allituric  acid  (ix.  443),  together  with  unaltered  alloxantin.  (Schlieper.) 
[With  eTolution  of  carbonic  acid  ?] 

4.  Aqueous  alloxantin  reduces  mercuric  oxide  with  evolution  of  gas, 
and  appears  to  form  a  solution  of  mercurous  alloxanate.  (Liebig  Sc 
Wohler j  Liebig,  Ohim.  org.),  —  When  aqueous  alloxantin  is  heated  with 
oxide  of  silver,  silver  is  reduced,  with  effervescence  and  formation  of 
oxalurate  of  silver,  which  remains  in  solution  (Liebig): 

[CMN*HK)M  +  8AgO  f  2H0  -  2C«Nm»A^08  +  4C0>  +  6Ag.] 

From  a  solution  of  nitrate  of  silver,  aqueous  alloxation  immediately 
throws  down  black  metallic  silver,  after  which  the  filtrate  yields  a  white 
precipitate  with  baryta- water.  (Liebig  k  Wohler).  —  Alloxantin  is  de- 
composed by  peroxide  of  lead,  like  alloxan.  (Ljebig  &  Wohler). 

5.  Aqueous  alloxantin  forms  with  baryta- water  a  thick  violet  preci- 
pitate, and  when  the  mixture  is  heated,  ultimately  yields  alloxanate  and 
dialnrate  of  baryta.  (Liebig  &  Wohler.) 

[CWN<H<0"  +  3BaO  +  HO  =  CSN2H«Ba«0W  +  C^N^H'BaO^. 

[Does  the  violet  colour  which  the  precipitate  at  first  exhibits  arise  from  basic  purpnrate 
of  baryta?]  —  The  violet  precipitate,  when  boiled,  first  turns  white  and 
then  disappears.  When  baryta- water  is  gradually  dropt  into  a  solution 
of  alloxantin  in  boiling  water  free  from  air,  each  drop  produces  a  deep 
violet  precipitate  which  redissolves  without  colour;  as  the  quantity  of 
baryta-water  is  further  increased,  the  liquid  suddenly  becomes  turbid 
and  deposits  dialnrate  of  baryta  in  the  form  of  a  reddish-white  powder; 
and  after  this  powder  has  been  completely  precipitated  by  baryta- water. 
a  still  further  quantity  of  that  reagent  produces  a  white  precipitate  of 
alloxanate  of  baryta,  part  of  which  remains  in  solution  together  with  a 
small  quantity  of  urea.  (Liebig  &  Wohler.) 

6.  Aqueous  solutions  of  alloxantin  and  sal-ammoniac  thoroughly 
freed  from  air  by  boiling,  immediately  form  a  purple-red  mixture  which 
soon  becomes  paler  in  colour  and  deposits  colourless  or  reddish  shining 
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scales  of  uramil  (p.  178),  >yhile  alloxan  and  Ljdrocliloric  acid  remain  in 
solution  (Liebig  &  Wohler): 

[C»«N<H^O"  +  NH^Cl  =  C8N»H50«  +  C^NSH'O*  +  HCL] 

uramil. 

Other  ammoniacal  salts^  as  the  oxalate  and  acetate^  behave  with  allox- 
antin  in  the  same  manner  as  saUammoniac,  excepting  that  the  precipitate 
has  a  deeper  red  colour,  and  is  thicker  and  less  crystalline.  (Liebig  & 
Wohler.) 

7.  When  free  ammonia  comes  in  contact  with  alloxantin,  2  At.  of  it 
enter  into  combination,  forming  purpurate  of  ammonia  (Gm.): 

[Ci«N4HW^.+  2NH>  «  CWN«H80»>  +  2H0]. 

When  dry  ammoniacal  gas  is  passed  over  finely  pounded  alloxantin, 
that  substance  turns  red  at  the  ordinary  temperature,  and  at  100°,  ^ives 
off  water,  and  is  completely  converted  into  a  deep  brown-red  powder  of 
purpurate  of  ammonia.  (Gm.).  —  To  render  the  decomposition  as  com- 
plete as  possible,  the  mass  must  be  taken  out  a  few  times,  finely  tritu- 
rated again,  and  the  ammoniacal  gas  allowed  to  act  upon  it  for  several 
hours.  (Gm  ) 

[The  conflicting  results  obtained  by  Liebig  &  'Wdhler  and  by  Fritzscbe  respecting 
purpurate  of  ammonia,  allozantin,  and  the  allied  compounds,  induced  me  to  attempt  to 
bring  them  into  accordance  with  one  another  and  with  the  nucleus-theory,  and  to  dis- 
cover formula  differing  as  little  as  possible  from  the  analyses  of  those  distinguished 
iuTestigators,  and  affording  at  the  same  time  a  complete  explanation  of  the  remarkable 
decompositions  of  those  compounds.  But  the  formulae  which  I  found  to  be  the  most 
probable  required  that  alloxantin  should  be  completely  converted  by  ammonia  into 
purpurate  of  ammonia.  It  is  true  that  those  chemists  had  already  observed  the  red 
tint  of  the  ammoniacal  solution  of  alloxantin,  but  they  had  by  no  means  regarded  it  as 
the  essential  circumstance ;  on  the  other  band,  it  was  stated  by  Liebig  &  W&hler,  as  well 
as  by  Gregory,  that  to  insure  an  abundant  formation  of  purpurate  of  ammonia,  a  laige 
quantity  of  alloxan  must  be  present  as  well  as  alloxantin  and  aqueous  ammonia.  It 
must  however  be  observed  that  an  excess  of  aqueous  ammonia  quickly  decolorizes 
purpurate  of  ammonia,  and  that  the  alloxan  may  serve  to  convert  the  uramil  produced 
at  the  same  time  into  purpurate  of  ammonia  (p.  189, 8),  and  also  to  transform  the  excess 
of  ammonia  into  alloxanate  of  ammonia,  and  thereby  weaken  its  decomposing  influence. 
The  above-described  experiment  with  pulverized  alloxantin  and  ammoniacal  gas,  appears 
therefore  to  be  decisive.  The  laws  of  the  nucleus-theory,  which  guided  me  in  these 
investigations,  led  me  also  to  suspect  that  alloxan,  previously  supposed  to  be  C^N'H^^^, 
really  contained  2 HO  more,  an  idea  which  was  confirmed  by  experiment.  —  My  best 
thanks  are  due  to  Dr.  v.  Weltzien  for  the  very  pure  alloxan  and  alloxantin  with  which 
he  supplied  me  for  this  research] . 

Alloxantin  turns  red  on  exposure  to  air  containing  ammonia.  Its 
hot  aqueous  solution  is  coloured  purple-red  by  ammonia,  but  becomes 
colourless  again  when  further  heated,  or  when  left  for  some  time  in  the 
cold.  (Liebig  &  Wohler.) 

When  moistened  alloxantin  is  introduced  into  a  tube  containing  air 
and  standing  over  mercury,  and  a  few  drops  of  ammonia  passed  up,  the 
alloxantin  immediately  acquires  a  deep  purple  colour  from  the  action  of 
the  rising  ammoniacal  gas,  and  absorbs  a  larger  quantity  of  oxygen,  but 
its  colour  is  immediately  afterwards  diminished  by  the  excess  of  am- 
monia. (Fritzsche.)  [This  copious  absorption  of  oxygen  I  did  not  observe;  at  all 
events  the  preceding  observations  show  that  it  is  not  necessary  to  the  formation  of 
purpurate  of  ammonia.] 

Aqueous  alloxantin  turns  red  when  heated  with  acetate  of  ammonia, 
but  not  with  nitrate;  but  when  evaporated  with  the  latter,  it  leaves  a 
purple  residue.  (Gm.) 
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When  nitric  acid  is  gradually  added  to  a  hoi  aqueous  solution  of 
allozantin,  and  samples  of  the  liquid  gently  heated  with  ammonia,  the 
ammonia  produces,  as  the  quantity  of  nitric  acid,  and  consequently  of 
alloxan,  increases,  a  continually  deeper  purple  colour;  hut  when  sufficient 
nitric  acid  has  heen  added  to  convert  the  alloxan  tin  completely  into 
alloxan,  the  reddening  with  ammonia  ceases.  (Liehig  &  Wbhler.}-— 
[This  is  perhaps  explained  by  the  preceding  observations.] 

8.  The  solution  of  allfixantin  in  thoroughly  hoiled  water,  mixed 
with  ammonia  and  boiled  till  the  purple  colour  has  completely  disap- 
peared, yields  chamois-coloured  crystalline  crusts  of  uramil;  the  yellow 
mother-liquor  becomes  purple  on  exposure  to  the  air,  deposits  crystals  of 
purpurate  of  ammonia,  and  ultimately  coagulates  to  a  jelly  of  myco- 
melate  of  ammonia.  (Liehig  &  Wohler.) — In  this  reaction  as  in  that 
with  sal-amniouiac,  uramil  and  alloxan  are  first  produced,  and  these  by 
their  mutual  action,  with  the  aid  of  ammonia  and  the  air,  jfbrm  purpurate 
of  ammonia;  moreover  the  alloxan  with  ammonia  forms  mycomelate  of 
ammonia.  (Liebig  &  Wohler.)  —  [Or  rather: 

CUN^Il^O"  +  4NH5  =  C8N='H«08  +  NIP,C«N^II<0*  +  4H0. 

Part  of  the  uramil  which  remains  dissolved  in  the  ammonia  is  at  the 
same  time  converte«l  by  the  oxy;,'en  of  the  air  into  purpurate  of  am- 
monia.] —  When  alloxan  tin  dissolved  in  aqueous  ammonia  and  boiled 
till  it  loses  its  colour  is  cooled  to  70°,  every  drop  of  aqueous  alloxan 
added  to  the  liquid  produces  a  deep  purple  colour,  ana  the  solution 
then  deposits  a  few  crystals  of  purpurate  of  ammonia,  together  with 
flakes  of  uramil  (Liebig  &  Wbhler): 

C^NSHWO  +  C^Nm^QW  +  3NH3  -  C^^NMl^O^  +  NH»,C^NHO^  +  8110. 

alluxantia.  alloxan.  parpurate  of     i  At.  allozanate 

ammonia.  of  ammonia. 

(Liebig  &  Wohler.)  —  [Or  perhaps,  as  uramil  was  found  by  Liebig  & 
Wbhler  to  be  present  in  the  boiled  ammoniacal  solution  of  alloxantin: 

C8N3HH)»  +  C^Nm'QS  +  NH'  =  CWN^IPO'^  +  2H0.] 

uramil.  alloxan.  purpurate  of 

ammouin. 

9.  When  a  solution  of  alloxantin  in  ammonia  is  repeatedly  evapo- 
rated at  a  gentle  heat  in  an  open  vessel,  and  each  time  redissolvod 
in  ammonia,  it  finally  leaves  pure  oxalurate  of  ammonia  (Liebig  & 
Wbhler) : 

3C«N2H»OW  +  6NH3  +  7H0  «  4(NHa,C«N«H<0»)  +  5H0. 

(Liebig  &  Wbhler.)  —  [Should  not  other  products  be  formed  at  the  same  time  ?] 

10.  Alloxantin  dissolved  in  water  is  decomposed  by  long  keeping, 
even  out  of  contact  of  air,  and  loses  its  characteristic  properties. 
(Fritzsche.)  It  becomes  in  fact  sour;  forms  with  baryta  water,  no  longer 
a  violet  but  a  white  precipitate;  and  leaves  when  evaporated  crystals 
having  the  appearance   of   alloxauic   acid.    (Gregory,   Fhil.   Mag,  J, 

24,  190.) 

11.  Sulphuretted  hydrogen  passed  through  a  solution  of  alloxantin 
in  boiling  water  yields  a  precipitate  of  sulphur,  and  converts  the  allox- 
antin into  dialuric  acid  (Liebig  &  Wbhler): 

[C»»N<H<0"  +  2HS  +  2HO  =  2CWHW  +  2S]. 
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Combinations.    With  water: 

a.  Hydraied  AUoxaniin.  —  Obtained  by  crvstallization  from  water. 
Tmnsparent,  colourless  or  yellowish,  oblique  rhombic  prisms,  hard  but 
very  friable.  The  angle  of  the  obtuse  lateral  edge  is,  in  ordinary  alloz- 
antm  =105°;  in  dimorphous  alloxantin  ==121°.  AUoxantin  reddens 
litmus,  even  after  being  crystallized  six  times  from  water.  It  turns  red 
by  exposure  to  air  containing  ammonia.  (Liebig  &,  Wohler.) 

Crytiah.  &wtl!fcr.         Fritwche. 

16  C 96  ....  29-81  30-52    30-06 

4N 56  ....  17-39  17-66     17'52 

10  H 10  ....  311  3-15     3-04 

20  0 160  ....  49-69  48-67     49-38 

CiWH<0"  +  6Aq.    322     ....  10000     10000    100-00 

Or :  Liebig  &  W6hler. 

C^WH^O" 2fi8    ....     83-23    84*6 

6  HO  54     ....     16-77     15-4 

C^6N<H<OW  +  6Aq 322     ....  100*00     1000 

The  crystals  give  off  nothing  at  100'',  but  at  300^  (at  150®  according 
to  Liebig,  Chim,  org.)  they  give  off  15-4  p.  c.  (Liebig  &  Wohler.) 

h.  The  crystals  dissolve  very  sparingly  in  cold  water,  more  abun* 
dantly,  but  still  slowly  in  boiling  water,  from  which  solution  the  allox- 
an tin  separates  almost  completely  on  cooling.  (Liebig  &,  Wohler.) 


Uramilic  Acid. 

C"N»H»0"1  =  C"N*Ad»H'»08,0«1 

Liebig  k  Wohler.    (1838.)     Ann,  Pharm.  26,  314. 

Fojination  and  Preparation^  1.  Water  is  added  to  a  solution  of 
urnmil  in  cold  oil  of  vitriol,  till  it  begins  to  become  turbid;  the  liquid 
boiled  with  frequent  renewal  of  the  water,  till  it  no  longer  forms  a  pre- 
cipitate with  water,  and  evaporated  to  the  crystallizing  point  (p.  179,  2). 
—  2.  A  cold-saturated  aqueous  solution  of  thionurate  of  ammonia  is 
evaporated  at  a  gentle  heat  with  a  small  quantity  of  sulphuric  acid.  The 
uramil  which  separates  from  the  thionurate  of  ammonia  is  then  gradually 
converted  by  the  free  sulphuric  acid  into  uramilic  acid;  and  this  compound 
crystallizes  after  24  hours  from  the  evaporated  liquid,  which  turns  yellow 
during  the  evaporation. 

If  the  quantity  of  sulphuric  acid  be  too  small,  the  mixture  yields 
crystalline  nakes  of  acid  thionurate  of  ammonia  instead  of  uramilic  acid; 
but  on  dissolving  these  in  water,  and  evaporating  with  fresh  sulphuric 
acid,  uramilic  acid  is  obtained  in  the  purest  state.  —  If  too  much  sul- 
phuric acid  be  used,  no  nramilic  acid  is  obtained,  but  after  exposure  to 
the  air  for  some  time,  crystals  of  dimorphus  alloxantin  [or  dialuric  acid  ?] 
separate  out.  —  The  sulphuric  acid  liquid,  when  evaporated,  sometimes 
yields,  before  the  uramilic  acid,  sparingly  soluble  white  grains  whose 
solution  forms  a  white  precipitate  with  baryta-water.  [Can  this  also  be 
dialuric  acid  ?] 
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Properties,  Transparent,  colourless,  four-sided  prisms,  having  a 
strong  vitreous  lustre,  and  by  rapid  crystallization,  needles  having  a  silky 
lustre.  They  redden  litmus  slightly,  and  turn  red  at  100°^  without 
diminishing  in  weight. 

CrysfaU.  Liebig  &  WiShler.  Anhydroui  ? 

16  C 96    ....  32-43  3209  16  C 96    ....  33*45 

5N    70    ....  23-65  23*23  5  N/ 70     ....  24*39 

10  H   10    ....  3-38  • 3-59  9H 9     ....  314 

15  O    120     ....  40.54  4109  14  0 112     ....  3902 

C"N»HJ'»0»  296    ....  10000    10000  Ci«N5H»0"  ....  287    ....  lOO'OO 

[Liebig  &  WShler  regarded  the  crystals  as  anhydrous  nramilic  acid  and  remark  that 
they  assume  a  rose-colour  when  dried  by  heat,  but  do  not  sustain  any  perceptible  loss 
of,  weight.  But  as  they  do  not  state  the  temperature  at  which  the  crystals  were  dried, 
il  is  possible  that  these  crystals  may  still  contain  1  At.  water,  and  that  nramilic  acid 
dried  at  a  higher  temperature  may  be  C^^'N^H^O".  The  calculation  headed  Anhydrous 
ill  the  preceding  table  is  founded  on  this  supposition.] 

Decompositions.  1.  Uramilic  acid  dissolves  in  cold  nitric  acid  without 
evolution  of  gas;  but  when  boiled  with  strong  nitric  acid,  it  gives  off 
nitrous  fumes,  and  yields  by  evaporation,  a  yellow  liquid  which  on  cool- 
ing, deposits  a  large  quantity  of  white  crystalline  scales.  These  scales 
dissolve  in  hot  water,  from  which  they  crystallize  out  on  cooling,  and 
in  potash-solution  with  yellow  colour,  and  are  precipitated  therefrom  by 
acetic  acid  in  the  form  of  a  white  powder.  —  2.  Uramilic  acid  continuously 
boiled  with  hydrochloric  or  dilute  sulphuric  acid,  forms  a  liquid  which 
gives  a  violet  precipitate  (of  alloxantin)  with  baryta-water,  and  on  cooling 
deposits  crystals  of  dimorphous  alloxantin.  [It  appears  certain  from 
Gregory's  experiments  that  dialuric  acid  is  here  produced^  and  is  partially 
converted  into  alloxantin  by  the  action  of  the  air. 

CWN«H90"  +  2H0^  =  2C8N2H<08  +  NH».] 

Combinations.  The  acid  dissolves  in  6  or  8  pts.  of  cold  and  in  3  pts. 
of  hot  water. 

It  dissolves  in  oil  of  vitriol  without  blackening  or  evolution  of  gas. 

With  the  more  soluble  alkalis,  it  forms  crystallizable  salts  which  are 
precipitated  by  acetic  acid. 

With  baryta  or  lime  salts  it  produces,  on  addition  of  ammonia,  a  thick 
white  precipitate  soluble  in  a  lai-ge  quantity  of  water. 

With  nitrate  of  silver  it  forms,  on  addition  of  ammonia,  a  thick  white 
precipitate  containing  about  63*9  to  64*3  p.  c.  silver.  (Liebig  &  Wohler.) 
[This  is  about  4  At.  silver  to  1  At.  acid  =  2AgO,  C"N*H'Ag»0"] . 


Purpuric  Acid. 

C"]!J»H»0"  =  C"N*AdH"0^0*? 


SCHEBLE.     Opusc.  2,  74. 
Bergman.     Optisc.  4,  390. 
Pearson.     ScJur.  J,  1,  48. 
Retnecke.     Ci^ell.  Ann.  1800,  2,  94. 
W.  Henry.    Aim.  FhiL  2,  57. 
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Vauquelix.    J,  PhyB.  88,  458.  — Mem.  du  Mm.  7,  253. 

Prout.     Ann,  Chim,  Phys,  11,  48.  —  Ann,  Phil.  14,  363.  —  Lond.  Med. 

Gazette^  1831,  June;  also  Froriep^B  Notizen,  32,  23. 
KoD  WEISS.    Pogg.  19,  12. 
LiBBio  &  WoHLER.     Ann.  Phamu  26,  319. 
Fbitzsche.    J.  pr.  Chem.  16,  380;  17,  42. 

PurtmrtaMrt,  Adde  purpurique.  —  ^cheQle,  in  1776,  showed  that  the  solu- 
tion of  uric  acid  in  nitric  acid  reddens  the  skin,  and  leaves  a  deep  red 
residue  when  evaporated.  Prout,  in  1818,  obtained  the  colouring  prin- 
ciple of  this  solution  in  the  form  of  a  crystalline  substance,  which  he 
regarded  as  purpurate  of  ammonia,  and  from  which  he  succeeded  in  pre- 
paring several  other  red  purpurates  by  double  decomposition.  Bnt  he  erred 
in  regarding  the  colourless  substance,  murexan,  separated  from  purpurate 
of  ammonia  by  sulphuric  acid,  as  pure  purpuric  acid,  inasmuch  as  Liebig  & 
W^hler  afterwards  showed  that  further  decomposition  takes  place  in  this 
process,  and  that  murexan  no  longer  forms  rea  salts  with  bases.  On  the 
other  hand,  the  view  to  which  these  chemists  ^ve  the  preference,  that 
Prout*s  purpurate  of  ammonia  is  not  a  common  ammoniacal  salt,  but .  an 
amide,  to  which  they  give  the  name  Murexid,  does  not  appear  to  be  well 
founded;  since  this  body  giA'es  off  ammonia,  even  when  treated  with 
cold  potash,  and  moreover  the  other  purpurates  exhibit  equally  con- 
spicuous colours. 

Purpuric  acid  is  not  known  in  the  free  state,  but  only  in  its  salts,  in 
the  decomposition  of  which  by  stronger  acids,  the  separated  purpuric 
acid  is  resolved  into  other  products,  the  principal  of  which  is  murexan. 

Probable  Calculation  of  Purpuric  Acid. 

16  C    96     ....     35-96 

5  N   70     ....     26-22 

5H   5     ....       1-87 

12  O   96     ....     35-95 

CWN»H«0" 267     ....  100-00 

• 

The  formula  of  the  normal  purpurateB  is  C"N'H*MO"  (according  to 
Fritzsche,  C^*N*H*MO");  these  salts  are  distinguished  by  a  splendid 
pnrple  colour,  and  the  light  reflected  from  some  of  their  crystalline  faces 
exhibits  the  metallic  yellowish  green  colour  of  the  golden  beetle.  Some 
of  the  basic  purpurates  are  indigo  or  violet  coloured. 

Puipurate  of  Ammonia,  —  Liebig  &  W6hler'«  Murexid.  —  Fof^iation.  — 
By  heating  dialurate  of  ammonia  (p.  157);  by  the  action  of  the  galvanic 
current  upon  aqueous  alloxan  (p.  174);  by  the  oxidation  of  nramil  by 
oxide  of  silver  or  mercuric  oxide  (p.  179);  by  the  oxidation  of  uramil 
dissolved  in  ammonia  on  exposure  to  the  air;  by  mixing  nramil  dissolved 
in  aqueous  ammonia  with  alloxan  (p.  180);  by  the  action  of  ammonia 
upon  alloxautin  (p.  189);  by  exposing  an  ammoniacal  solution  of  murexan 
to  the  air  (p.  204). 

A  solution  of  uric  acid  in  dilute  nitric  acid,  since  it  contains  alloxan 
and  alloxantin,  likewise  yields  purpurate  of  ammonia  on  cddition  of 
ammonia  (Liebig  &  Wbhler).  [As  this  solution  likewise  contains  nitrate 
of  ammonia,  and  since  a  solution  of  alloxantin  evaporated  with  this  salt 
leaves  a  purple  stain,  we  have  an  explanation  of  the  purple  residue  which 
remains  when  the  uric  acid  solution  is  evaporated  in  a  capsule,  and  like- 
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wise  of  the  purple  stain  which  it  produces  on  the  skin  after  a  while^ 
inasmuoh  as  the  skin  already  contains  ammoniacal  salts.  —  The  reddening 
of  the  skin  produced  by  an  aqueous  solution  of  alloxan  is  perhaps  due  to 
a  transformation  of  the  alloxan  into  alloxan  tin  by  the  hydrogen  iziug 
action  of  the  skin. 

E^en  when  uric  'acid  is  decomposed  by  aqueous  chlorine  or  iodine 
instead  of  nitric  acid^  the  solution,  probably  because  it  likewise  contains 
alloxan  tin,  exhibits  the  purple  colour  on  evaporation  or  on  addition  of 
ammonia. 

In  the  preparation  of  cuprocyanide  of  barium  from  aqueous  hydro- 
cyanic acid,  iKiryta,  and  carbonate  of  copper  fviii.  7)>  the  red  solution, 
when  left  to  evaporate,  often  yielded  crystals  having  the  colour  of  the 
wings  of  cantharides;  the  same  liquid  also  gave  with  dilute  hydrochloric 
acid,  a  dark  violet  precipitate  of  purpurate  of  copper,  the  formation  of 
which  was  attended  with  evolution  of  hydrocyanic  acid  (Meiliet,  N,  J, 
Pharm,  3,  445).  [If  murexid  or  any  other  compound  of  purpuric  acid 
is  really  produced  in  this  reaction,  such  a  mode  of  formation  may  per- 
haps be  explained  by  the  following  somewhat  complicated  equation, 
which  however  presupposes  access  of  air  and  simultaneous  formation 
of  urea: 

26C«NH  +  8BaO  +  l6CuO  +  20  «  8(C2NBa,C2NCu«)  +  C»«N6H80»2  + 

2C»N='H*cH  +  lono. 

PreparcUiofi.  A.  From  Uric  acid  and  Nitric  acid,  —  It  is  essential 
that  the  nitric  acid  solution  contain  in  addition  to  alloxan  an  excess  of 
alloxantin.  (Liebig  &  Wbhler.) —  1.  Uric  acid  is  dissolved  in  dilute  nitric 
acid,  the  liquid  neutralized  with  ammonia,  and  slowly  evaporated,  where- 
upon it  assumes  a  continually  deeper  red  colour,  and  deposits  dark  red 
crystalline  grains  of  purpurate  of  ammonia.  (Prout.) 

2.  A  perfectly  saturated  solution  of  uric  acid  in  dilute  nitric  acid  is 
evaporated;  the  large  colourless  crystals  of  alloxan  [containing  allox- 
antin?] which  form  on  cooling,  dissolved  in  boiling  water;  ammonia 
added  to  the  boiling  hot  liquid,  just  to  the  point  at  which  it  produces  a 
deep  red  colour  (with  too  little  or  too  much  ammonia  the  process  fails); 
and  the  purpurate  of  ammonia  left  to  crystallize  by  cooling.  (Prout.) 

'*).  Nitric  acid,  diluted  with  half  its  quantity  of  water,  is  added  to  a 
mixture  of  1  pt.  uric  acid  and  10  pts.  water  contained  in  a  capacious 
vessel,  till  only  a  siiiall  quantity  of  uric  acid  remains  undissolved;  the 
yellowish  filtrate  (which  does  not  turn  red  on  addition  of  ammonia, 
unless  the  boiling  has  been  too  long  continued),  evaporated  down  to 
8  pts.;  and  ammonia  then  added;  whereupon  a  dark  red  thickish  liquid 
is  obtained,  which,  on  cooling,  deposits  crystals  of  purpurate  of 
ammonia.  (Kodweiss.) 

4.  One  pt.  of  uric  acid  is  boiled  in  a  porcelain  basin,  with  32  pts.  of 
water,  and  nitric  acid  of  sp.  gr.  1*425  diluted  with  a  double  quantity  of 
water,  added  in  small  portions,  waiting  each  time  for  the  violent  effer- 
vescence to  subside,  and  continuing  the  additions  till  all  the  uric  acid  is 
dissolved;  the  liquid  then  boiled  for  a  while  with  the  residue;  filtered; 
evaporated  till  it  acquires  the  colour  of  onions  (and  till  samples  of  it, 
mixed  with  ammonia,  no  longer  produce  turbity  and  a  red  powder,  but 
not  till  they  form  with  ammonia  a  yellow  gummy  precipitate,  in  which 
case  the  liquid  must  be  treated  with  sulphuretted  hydrogen  before  the 
ammonia  is  added  to  it:  Liebig);  cooled  exactly  to  70°;  dilute  ammonia 
added  till  it  appears  by  its  odour  to  be  in  slight  excess  (if  the  liquid  is 
VOL.  x.  o 
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too  hot,  tbo  purpurato  of  ammonia  is  decomposed  by  tlio  excess  of 
amnionia) ;  and  the  purpl.e  mixture  left  to  cool,  whereupon  it  deposits 
crystals  of  purpurate  of  ammonia,  generally  mixed  with  red  flakes  of 
nramil,  from  which  they  may  be  freed  by  cold  dilute  ammonia.  If  the 
liquid  was  too  cool  when  the  ammonia  was  added,  it  most  be  diluted 
with  an  equal  volume  of  boiling  water:  the  crystals  then  separate  more 
slowly,  but  with  greater  beauty.  (Liebig  &  Wohler.) 

5.  Uric  acid  is  dissolved  in  strong,  non-fuming  nitric  acid,  as  in 
Liebig  &  Wohler*s  process  for  the  preparation  of  alloxan;  the  great 
excess  of  acid  partly  neutralized  during  the  heating,  by  addition  of 
ammonia,  till  the  liquid  has  assumed  a  slight  purple-red  colour;  carbonate 
of  ammonia  then  dropt  in,  when  the  temperature  is  near  the  boiling 
point,  till  the  liquid,  which  then  becomes  dark  red  and  turbid  from 
admixture  of  the  crystalline  powder  of  purpurate  of  ammonia,  smells 
faintly  of  ammonia;  the  vessel  then  quickly  removed  from  the  fire;  the 
liquid  after  cooling  decanted  from  the  precipitate;  and  the  precipitate 
washed  with  cold  water,  first  by  decantation  and  afterwards  on  the 
filter,  till  the  wash-water  exhibits  a  pure  purple  colour.  So  long  as  there 
is  any  mother-liquor  still  present,  Yerj  little  of  the  murexid  dissolves  in 
the  water.  (Fritzsche.) 

B.  From  AUoxantirty  Alloxan,  Uramil,  —  1.  Carbonate  of  ammonia 
gradually  added  to  a  solution  of  pure  alloxan  concentrated  at  a  tempe- 
rature near  the  boiling  point,  causes  it  to  assume  a  purple  colour,  con- 
tinually deepening  in  intensity,  and  produces  a  precipitate  of  purpurate 
of  ammonia;  for  the  rest,  the  process  is  conducted  as  in  A  5.  (Fritzsche.) 
[Without  alloxantin  the  liquid  merely  becomes  slightly  red.] 

2.  One  pt.  of  alloxantin  and  2*7  pts.  of  octo-hydrated  "alloxan  are 
dissolved  in  boiling  water,  and  the  liquid,  after  cooling  to  70^;  neu- 
tralized with  carbonate  of  ammonia,  which  must  be  added  quickly,  so 
that  no  red  powder  may  be  formed,  and  not  in  excess,  because  too  much 
ammonia  interferes  with  the  formation  of  purpurate  of  ammonia.  (Liebig, 
Chim,  org,  1,  232.)  —  In  this  manner  a  deep  purple  mixture  is  obtained, 
which,  on  cooling,  deposits  a  large  quantity  of  crystals  of  purpurate  of 
ammonia,  whereas  if  the  alloxan  be  left  out,  only  a  moderate  redden- 
ing takes  place;  but  instead  of  the  alloxan,  aciol  malate  of  ammonia 
may  be  used  with  an  almost  equally  good  result 

3.  To  a  hot  solution  of  4  pts.  of  alloxantin  and  7  pts.  octohyd rated 
alloxan  in  240  pts.  water,  80  pts.  of  a  solution  of  carbonate  of  ammonia, 
saturated  in  the  cold  are  added.  A  deep  purple-red  mixture  is  then 
obtained,  which,  on  cooling,  deposits  gold-green  crystals.  (Gregory,  J, 
pr,  Chem,    22,  374;  also  Ann,  Pharm,  33,  334.) 

In  one  experiment,  in  which  the  mixture  was  stirred  with  a  glas-rod, 
Gregory  obtained  instead  of  the  crystals,  a  red  powder  which  dissolved 
immediately  with  deep  purple  colour  in  dilute  ammonia,  and  was  there- 
fore difi'erent  from  the  ordinary  salt. 

4.  One  pt.  of  uramil  and  1  pt.  of  mercuric  oxide  are  dissolved  in  30 
to  40  pts.  of  water,  a  few  drops  of  ammonia  added;  the  liquid  gradually 
heated  to  the  boiling  point,  kept  boiling  for  a  few  minutes,  during  whicli 
it  acquires  a  deep  purple  colour  and  becomes  thickish,  and  filtered  boiling 
hot;  (any  uramil  that  may  remain  on  the  filter  is  treated  as  above  with 
small  quantities  of  fresh  mercuric  oxide  and  ammonia):  the  liquid  on 
cooling  yields  crystals,  the  quantity  of  which  may  be  increased  by 
adding  carbonate  of  ammonia  when  it  is  nearly  cool.  (Liebig  &  Wohler.) 
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5.  A  satorated  solution  of  urapiil  in  hot  ammoniii  is  cooled  to  70^ 
and  alloxan  added  till  the  alkaline  reaction  is  nearly  neutmlized^  after 
which  the  liquid  is  left  to  cool.  (Liebig.) 

6.  Purpurate  of  ammonia  may  also  be  obtained  wheii  the  mother- 
li<}Qor  obtained  in  the  preparation  of  mjcomelate  of  ammonia,  and  eon- 
taming  alloxanate  of  ammonia,  is  evaporated  to  expel  the  free  ammonia, 
and  an  excess  of  alloxan  then  dissolyed  in  it.  (Liebig.) 

7.  Finely  pounded  alloxantin  is  heated  in  a  flask  over  the  water- 
bath,  and  (fry  ammoniacal  eas  made  to  stream  upon  it  for  a  long  time 
through  a  tube  going  deep  into  the  flask,  while  a  second  tube  passing 
through  the  cork  carries  oflT  the  excess  of  ammonia,  together  with  the 
vapour  of  water;  the  brown-red  mass,  several  times  finely  pulverized 
and  ammoniacal  gas  again  made  to  act  upon  it;  all  the  free  ammonia 
whichf  on  addition  of  water,  would  exert  a  decomposing  action,  care- 
fully removed  by  a  current  of  air;  the  mass  dissolved  in  the  smallest 
possible  quantity  of  hot  water;  the  deep  purple  solution  cooled  to  the 
crystallizing  point;  and  an  additional  quantity  of  crystals  obtained  by 
rapidly  evaporating  and  cooling  the  mother-liquor.  (Gm.) 

Pi'operties.  The  salt  dried  at  100^;  presents  the  appearance  of  a  deep 
brown-red  powder.  (Kodweiss,  Gm.)  The  crystallized  salt  (containing 
2  At.  water,)  forms  transparent,  flat,  four-sided  prisms,  according  to  Vauque- 
lin,  four-sided  tables  or  four-sided  prisms,  either  obliquely  truncated  with 
one  face,  or  bevelled  with  two  faces),  which  are  garnet-coloured  by  trans- 
mitted light,  but  by  reflected  light  exhibit,  on  the  two  broader-side-faces, 
a  shining  green  colour,  (gold-green,  according  to  Kodweiss,  like  the  wing- 
cases  of  the  golden  beetle,  according  to  Liebig  and  Wohler,)  and  on  the 
narrow  side-faces  a  red-brown,  or  in  stronger  light  a  greenish  colour. 
(Prout.)  The  red  powder  of  the  crystals  acquires,  under  the  burnisher,  a 
green  colour  and  metallic  lustre.  (Liebig  &  Wohler.)  The  salt  is  inodorous, 
and  has  a  sweetish  taste.  (Prout.)  [The  statement  of  Kodweiss  that  the  salt 
reddens  litmus  strongly,  may  perhaps  be  founded  on  an  error  arising  from  the  red 
colour  of  the  solution ;  it  appears  rather  to  redden  turmeric.] 

The  crystals  give  off  partially  at  50^  and  completely  at  1 00°,  or  in 
vacuo  over  oil  of  vitriol,  6-54  p.  c.  (2  At.)  water.  (Fritzsche.) 

Kodweiss             Liebig  , .  i .  Fntische 

at  lOO*.           A  W8hler.  ^^^^'  at  100^ 

16  C   06    ....     33-80     ....      38-96  ....      3408  ....  34-4  ....       34-93 

6  N  84     ....     29-58     ....      36-34  ....       3290  ....  31-8  ....       30-80 

8  H  8     ....       2-82     ....        2-70  ....         300  ....  30  ....         283 

12  O  96     ....  '  33-80     ....      2200  ....       3002  ....  308  ....       3144 

Ci«N*H«0»  284     ....  100-00     ....     100-00       ....    100*00       ....     1000       ....     100-00 

Liebig  &  Wtthler  observe  that  the  air-dried  crystals  give  off  3  or  4  p.  c.  when  dried 
by  heat ;  but  they  do  not  state  in  what  condition  of  dryness  the  salt  was  analysed ; 
neither  does  Liebig  (CAtm.  Org.  1,  231).  Liebig  &  WShler's  formula  is  :  C^N^H^O*  j 
FriUsche's :  CWH^O'i ;  Kodweiss's  :  C^^N^H^OS.  ^ 

Decompositions,  1.  When  two  cups  connected  by  asbestus  are 
brought  into  the  galvanic  circuit,  the  positive  cup  containing  water,  and 
the  negative  cup  an  aqueous  solution  of  purpurate  of  ammonia,  this 
solution  becomes  alkaline,  and  of  a  brighter  red  colour,  while  the  water 
in  the  positive  cup  remains  colourless,  and  takes  up  a  crystallizable  acid, 
which  forms  a  colourless  salt  with  ammonia,  and  does  not  precipitate 

o2 
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lead  or  silver-salts.  (Lassaigne,  Ann,  Chim.  Phys,  22,  334;  also  Scfiw. 
39,  381.)  The  solution  of  the  salt  is  instantly  decolorized  by  chlorine. 
(Vauquelin.)  —  3.  The  salt  dissolves  in  gently  heated  oil  of  vitriol  with- 
out  evolution  of  gas,  and  forms  a  saffron-ooloared  liquid,  from  which 
water  throws  down  a  yellowish- white  gelatinous  mass,  which  dissolves 
with  red  colour  in  heated  ammonia  [with  access  of  air  9].  With  boiling 
oil  of  vitriol,  the  salt  forms,  with  evolution  of  carbonic  and  a  small 
quantity  of  sulphurous  acid,  a  brown  solution  which  is  not  precipitated 
by  Water.  (Kodweias.)  —  4.  Dilute  hydrochloric  or  sulphuric  acid  decom- 
poses the  salt,  with  separation  of  purpuric  acid.  (Prout.)  —  Not  pur- 
puric acid,  but  murexan.  ^Liebig  &  Wcihler.)  —  Gently  heated  sulphuric, 
hydrochloric,  or  nitric  acia,  converts  the  crystals  of  purpnrate  of  ammo- 
nia into  yellowish-white  laminae,  having  a  silky  lustre.  (Kodweiss.) 
The  liquid  above  the  precipitated  murexan  contains  alloxan,  alloxantin, 
urea,  and  ammonia.  The  quantity  of  murexan  thus  precipitated  varies 
from  30  to  46  per  cent.  (Liebig  k  W5hler): 

2C»»N»HH)«  +  IIHO  «  C8N«H<0W  +  CWH'QW  +  C«NSH<0»  + 

alloxan.  alloxantia.         murexan. 

C«N2H*02  +  2NH> 

urea. 

(Liebig  <&  Wohler.  [According  to  this  equation,  however,  purpurate 
of  ammonia  could  not  yield  so  much  afl  46  per  cent,  of  murexan.  For 
this  reason,  the  following  equation  is  preferable: 

2C»«N«H80W  +  4H0  =  C'«N*H70«  +  CSN^HSQ"  +  3NH» 

murexan.  alloxan. 

This  equation  does  not  account  for  the  presence  of  alloxantin  and  urea, 
which  however  might  be  formed  by  the  action  of  the  hot  acid  on  the 
alloxan  (p.  174V]  —  5.  The  salt  dissolves  in  potash,  with  evolution  of 
ammonia,  and  forms  a  dark  violet-coloured  liquid  (splendid  indigo-blue, 
according  to  Liebig  &  Wohler),  from  which,  by  long  standing,  if  the 
potash  is  not  in  too  great  excess,  small  dark  red  crystals  are  deposited, 
containing  potash  and  ammonia.  The  solution  heated  with  excess  of 
potash,  becomes  decolorised,  and  gives  off  a  lar^e  quantity  of  ammonia, 
after  which  sulphuric  acid  throws  down  yellowish-white  murexan,  having 
a  silky  lustre.  (Kodweiss.)  The  supernatant  liquid  contains  alloxanic 
acid  (Liebig  &  Wohler).  [With  a  small  quantity  of  potash  it  is  probable 
that  a  mixture  of  purpurate  of  ammonia  and  potash  separates  out;  with 
excess  of  potash,  the  following  equation  is  perhaps  admiesible: 

2C»«N«HW*  +  4K0  +  4HO  -  CW*H70»  +  2C»N2H2K»0»  +  3NH»]. 

murexan. 

6.  The  purple  solution  of  the  salt  in  pure  water  keeps  for  weeks  in 
well-closed  oottles  perfectly  filled  with  it;  but  if  a  little  ammonia  be 
added,  it  becomes  decolorised,  when  left  over  night,  with  deposition  of 
white  flakes;  and  the  supernatant  liquid  forms  with  chloride  of  calcium  a 
precipitate  (of  alloxanate  of  lime?)  soluble  in  acetic  acid.  At  80'',  this 
decoloration  by  ammonia  takes  place  even  in  a  quarter  of  an  hour. 
(Gni.)  —  7.  When  the  crystals  are  boiled  for  some  time  with  a  quantity 
of  water  not  sufficient  to  dissolve  them,  they  lose  their  colour,  and  the 
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iiqnid  on  cooling  deposits  a  yellow  gelatinous  substance.  (Liebig.)  — 
When  tbe  aqueous  solution  is  evaporated  to  drjruess^  the  purpurate  of 
ammonia  is  found  to  be  for  the  most  part  unaltered,  but  mixed  witb  a 
reddish-yellow  substance  which  remains  behind  on  digesting  the  residue 
in  water.  The  aqueous  solution,  when  expose^. to  the  air,  does  not  lose 
its  colour  for  several  weeks  at  ordinary  temperatures,  but  is  decolorised  in 
a  few  days  when  heated;  it  does  not  absorb  oxygen  from  the  air,  or,  at 
all  events  absorbs  it  very  slowly.  (Gm.)  The  saturated  solution  is 
decolorised  very  slowly  by  exposure  to  light,  the  dilute  solution  very 
quickly;  the  red  colour  is  restored  each  time  the  solution  is  evaporated, 
but  becomes  continually  weaker.  (Vauquelin.)  —  8.  The  purple  aqueous 
solution  of  the  salt  is  gradually  decolorised  by  sulphuretted  hydrogen, 
with  precipitation  of  sulphur,  and  on  subsequently  evaporating  the 
liquid,  a  yellowish  salt  remains.  (Vauquelin.)  The  solution  decolorised 
by  sulphuretted  hydrogen,  deposits  white  silky-lustrous  laminte,  which 
when  heated  with  ammonia  [in  contact  with  the  air  ?]  dissolve,  and  form 
a  dark  red  solution  which  again  yields  crystals  of  purpurate  of  ammonia. 
But  when  the  solution  is  heated  for  a  longer  time,  light  red  gelatinous 
flakes  are  deposited,  whicb  after  some  time  unite  into  light  red  crystalline 
nodules.  (Kodweiss.)  —  The  silky-lustrous  laminsd  mixed  with  sulphur, 
which  are  precipitated  by  sulphuretted  hydrogen,  consist  of  mnrexan, 
and  the  supernatant  liquid  contains  alloxantin  and  dialuric  acid,  which 
were  perhaps  produced  by  the  sulphuretted  hydrogen  from  the  alloxan 
formed  at  the  beginning  of  the  action.  (Liebig  &  Wohler.)  Hydrosul- 
phate  of  ammonia  is  not  formed  in  this  process.  (Liebig,  Ann.  Pkarm. 
33,  1 20.)    [This  reaction  may  perhaps  be  represented  by  the  equation : 

2CMN*HH)>*  +  2HS  +  2H0  =  C»«N*H'0>3  h   C>«N*H*<y<  +  3NH»  +  2S; 

murezan.         alloxantin. 

tbe  decolorised  liquid  does  not  however  contain  free  ammonia,  but  on  the  contrary 
reddens  litmus  slightly.    Tliis  reaction  requires  therefore  further  elucidation.] 

ComMnattons.  Purpurate  of  ammonia  dissolves  with  splendid  purple 
colour  in  1500  pts.  of  water  (3000  according  to  Vauquelin)  at  IS"*,  and  in 
a  much  smaller  quantity  of  hot  water,  whence  it  crystallizes  on  cooling 
(Prout.)  The  purple  colour  changes  to  violet  on  addition  of  potash.  A 
solution  containing  only  1  pt.  of  the  salt  in  80,000  pts.  of  water  has  still 
a  bright  purple  colour.  (Vauquelin.)  It  is  not  perceptibly  soluble  in 
water  saturated  with  carbonate  of  ammonia.  (Liebig  &  Wohler.)  It 
dissolves  readily  and  without  decomposition  in  strong  acetic  acid.  (Kod- 
weiss.) [It  is  insoluble  in  glacial  acetic  acid,  and  the  solution  in  concen- 
trated acetic  acid  becomes  decolorised  in  a  few  hours].  It  is  insoluble 
in  alcohol  and  ether.  (Prout,  Kodweiss.) 

Purpurate  of  Potash.  —  a.  Basic.  —  The  indigo-coloured  solution  of 
pnrpurate  o^  ammonia  in  cold  potash-ley  deposits  a  thick  blue  liquid  on 
addition  of  alcohol.  (Fritzsche.) 

b.  /formal,  1.  The  aqueous  solution  of  purpurate  of  ammonia, 
saturated  at  a  boiling  heat,  and  mixed  with  bicarbonate  of  potasli, 
deposits,  when  quickly  cooled^  a  dark  brown-red  powder,  and  by  slow 
cooling,  crystals  which  exhibit  the  red  and  green  colour  like  the  am- 
monia-salt, and  dissolve  in  water  much  more  readily  than  that  salt. 
(Proui)  —  2.  The  ammonia-salt  mixed  with  excess  of  nitrate  of  potash, 
in  concentrated  solutions,  yields  a  brown- red  crystalline  powder,  which 
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may  be  freed  by  boiling  with  nitre  from  any  ammonia-salt  that  may 
remain  mixed  with  it^  and  obtained  by  recrystallization,  in  larger  ciystafs 
resembling  the  ammonia-salt  in  lustre  and  colour,  but  darker.  The 
crystals,  after  drying  at  100°,  give  off  3*04  p.  c.  (I  At.)  water  at  800^, 
and  when  heated  above  300°,  yield  a  white  sublimate,  sparingly  soluble 
.in  water.  The  crystals  are  but  slightly  soluble  in  water,  still  less  in 
solutions  of  nitre  and  other  salts.  (Fritische.)  —  3.  A  saturated  solution 
of  uramil  in  cold  potash-ley  assames  a  deep  purple  colour  on  exposure  to 
the  air,  and  deposits  gold-green  prisms  containing  potash,  which  are 
yery  much  like  purpurate  of  ammonia,  but  harder.  (Liebig  &  Wdhler^ 

p  179.) 

I>ried  at  300^  Fritisdie. 

KO 

16  C 

5N 

4  H 

11  O 

C"N»H*KO»  305-2     ....  10000    10000 

Purpurate  of  Soda.  —  Prepared  like  the  potash-salt  (1).  Dark  brick- 
red.     Dissolves  in  3000  pts.  water  at  15°.  (Prout.) 

Purpurate  of  Baryta,  —  Obtained  by  precipitating  the  ammonia-salt 
with  acetate  of  baryta.  Dark  green  powder,  which  dissolves  very 
sparingly  in  water,  forming  a  purple  solution.  (Prout,  Kodweiss.)  The 
black-green  crystalline  meal  becomes  dark  purple-red  when  triturated. 
After  drying  in  the  air,  it  gives  off  8-78  p.  c.  [somewhat  more  than  3  At.] 
water  at  100°,  but  no  more  at  250°.  By  trituration  with  baryta- water 
it  is  converted  into  violet  flakes,  apparently  consisting  of  the  basic  salt, 
and  very  much  like  the  precipitate  which  baiyta- water  forms  with 
aqueous  alloxantin.  (Fritzsche.) 

Dried  at  100*.  Fritischc. 

BaO  76-6     ...  22-89     2196 

16  C  96-0     ....  28-69     27-98 

5  N  70-0     ....  20-92 

4  H  4-0     ....       1-20     1-72 

11  O  880      ...  26-30 

C>«N»H*BaO^    334-6    ....  100-00 

The  salt,  after  drying  at  100^  probably  retains  a  certain  portion  of  water,  bnt 
certainly  not  2  At.  as  supposed  by  Flritxsche. 

Purpurate  of  Strontia,  —  Obtained  in  like  manner  with  nitrate  of 
strontia.  Dark  red-brown  powder  with  a  slight  greenirii  tinge.  Sparingly 
soluble  with  purple  colour  in  water.  (Prout.) 

Purpurate  of  Lime.  —  By  precipitation  of  chloride  of  calcium.— 
Greenish-brown  powder,  less  soluble  than  the  baryta  and  strontia  salts  in 
cold  water,  somewhat  more  soluble,  and  with  purple  colour  in  hot  water. 
[Prout.) 

Purpurate  of  Magnesia.  —  Very  soluble,  with  purple  colour.  (Prout.) 
A  mixture  of  aqueous  purpurate  of  ammonia  and  alum  gradually 

loses  its  colour  and   deposits  a  small  quantity  of  a  white   substance. 

(Prout.) 
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Purpnnie  of  ammonia  forms  with  acetate  of  Zinc  a  beautiful  yellow 
precipitate,  together  with  iridescent  films  on  the  surface  of  the  mixture. 
(Prout.) 

With  Frotochloride  of  7\n  it  forms  a  scarlet  mixture  which  subse- 
quently loses  its  colour,  and  after  a  few  hours  deposits  pearl-white  crystals 
of  a  tin-salt 

PurpuraU  of  Lead. —  The  aqueous  ammonia^salt  forms  a  rose-coloured 
mixture  with  nitrate  of  lead.  (Prout.)  With  neutral  acetate  of  lead  it 
jrields  immediately  120  p.  c.  and  on  evaporation  44  p.  o.  more  (164  in 
all),  of  a  red  precipitate,  which  contains  60  per  cent,  of  oxide  of  lead, 
and  turns  yellow  on  the  surface  when  exposed  to  the  sun.  (Vauquelin.)  — 
It  forms  with  neutral  acetate  of  lead  a  purple-red  precipitate  containing 
ammonia,  and  somewhat  soluble  in  water.  When  filtered  from  these,  it 
deposits,  after  long  standing,  a  loosely  coherent  substance  of  li^ht  purple- 
red  colour,  while  the  mother-liquid  filtered  therefrom  still  remains 
coloured.  —  a.  The  light  purple-red  substance,  which  may  be  washed  with 
cold  water  without  great  loss,  contains,  when  dried  at  100°,  48*00  p.  c. 
PbO,  17 '5  C,  and  1*34  H,  and  may  be  regarded  as  a  basic  salt  containing 
acetic  acid.  It  abstracts  carbonic  acid  from  the  air,  and  is  converted,  by 
trituration  with  a  few  drops  of  nitric  acid,  into  a  dark  purple  crystalline 
powder,  which  is  probably  the  neutral  salt.  —  b.  The  coloured  mother- 
liquor  forms  with  ammonia,  thick  violet-flakes,  which  contain  more  than 
75'00  p.  c.  PbO,  8*46  C,  and  0*42  H,  likewise  absorb  carbonic  acid  from 
the  air,  and  appear  also  to  contain  acetic  acid.  (Fritzsche.) 

The  aqueous  ammonia-salt  forms  with  ferrous  sulphate  a  clear,  yel- 
lowish-red mixture  (brownish-yellow  according  to  Vauquelin);  with 
acetate  of  cob<zU  after  a  while,  red  crystalline  grains;  with  nitrate  of 
nickel  a  clear  greenish  mixture;  with  cupric  nitrate  or  acetate,  a  clear 
yellowish-green  mixture;  with  mercurous  nitrate,  a  purple,  and  with 
mercuric  chloride,  after  a  while,  a  pale  rose-coloured  precipitate.  (Prout.) 
The  precipitate  formed  by  mercuric  chloride  is  not  decolorised  either  by 
light  or  by  acids.  (Vauquelin.) 

• 

Purpurate  of  Silver,  —  a.  Basic,  —  A  solution  of  nitrate  of  silver 
mixed  with  ammonia  forms  with  aqueous  purpurate  of  ammonia,  thick 
violet-flakes,  which,  after  washing,  dry  up  to  a  friable  mass,  exhibiting 
a  shining  fracture.  This  mass  when  heated  to  200°,  is  suddenly  decom- 
posed through  and  through,  yielding  a  white  sublimate  very  sparing!  /- 
soluble  in  water,  and  perhaps  identical  with  the  sublimate  obtained 
from  the  potash-salt,  —  and  leaving  a  tumefied  mass  resembling  coke. 

(Fritzsche.)     Vauquelin  likewise  obtained   dark  violet-fiakes  by  precipitation  from 
perfectly  neutral  [possibly  alkaline?]  liquids. 

b.  Normal,  —  Purpurate  of  ammonia  dissolved  in  warm  water  forms 
with  nitrate  of  silver  a  dark  purple-red  precipitate  (Prout)  containing 
ammonia  and  somewhat  soluble  in  water.  (Kodweiss.)  If  the  solutions 
are  too  much  concentrated,  a  small  quantity  of  the  ammonia-salt  may  bo 
thrown  down  by  the  nitrate  of  silver,  together  with  the  purpurate  of 
silver,  in  which  case  a  fine  powder  of  a  light  purple-red  colour  will  be 
obtained.  But  if  the  solutions  mixed  are  moderately  dilute,  and  if  tho 
silver -solution  is  previously  acidulated  with  a  few  drops  of  nitric  acid, 
which  prevents  the  precipitation  of  salt  a,  and  not  added  in  too  great 
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excess^  the  mixture  becomes  tarbid  in  a  few  minutes  and  deposits  crystals 
which  resemble  the  ammonia-ealt,  but  do  not  exhibit  so  bright  a  green 
colour.  The  air-dried  crystals  give  off  5*71  p.  c.  [rather  more  than 
2  At.]  water  at  100^  and  then  nothing  more  at  250°.  (Fritzsche.)  — 
The  silver-salt  may  also  be  obtained  by  nearly  neutralizing  with  am- 
monia a  solution  of  1  pt.  uric  acid  in  2  pts.  nitric  acid  of  34°  Bm.  and 
2  pts.  of  water,  precipitating  with  nitrate  of  silver,  and  washing  the 
purple-red  precipitate  by  decantatiou  with  cold  water,  in  which  it  is 
somewhat  soluble.  (Vauquelin.)  The  dark  purple-red  crystab  are  not 
decolorized  by  exposure  to  light.  They  detonate  when  slightly  heated, 
with  sharp  noise  and  emission  of  fumes,  but  without  light,  giving  off 
carbonic  acid  gas,  cyanogen,  and  a  small  quantity  of  aqueous  vapour, 
and  leave  spongy  silver,  with  a  small  quantity  of  charcoal.  Even  after 
being  warmed  with  solution  of  potash  (which  extracts  no  nitric  acid),  and 
then  washed  and  dried,  they  still  detonate  when  heated.  (Vauquelin.) 

Dried  <U  13C».  Fritzsche. 

16  C  96     ....  25-67  25*75 

5  N 70    ....  18-72  19-03 

4  H 4     ...  1-07  i-31 

Ag 108     ....  28-87  28-61 

12  O  96     ....  25-67  25-30 

C»«N«H*AgO»  374     ....  100-00     10000 

When  purpurate  of  silver  is  decomposed  by  a  quantity  of  dilute  hydro- 
chloric acid  far  from  sufficient  to  decompose  it  completely,  a  red  liquid  is 
obtained,  which,  when  carefully  heated,  yields  white  crystals  free  from 
silver,  and  a  few  red  crystals  of  smaller  size  containing  that  metal.  This 
mass,  when  dissolved  in  water,  leaves  a  rose-coloured  residue  which 
detonates  with  red  sparks  when  heated,  and  when  exploded  in  a  glass 
tubo,  yields  silver  and  charcoal,  together  with  a  white,  acid  sublimate.  — 
The  aqueous  solution  again  evaporated,  yields  whitish,  non-deliquescent, 
very  sour,  four-sided  prisms  free  from  silver  (which  swell  up  in  the  fire, 
exhaling  a  strong  odour  of  hydrocyanate  of  ammonia,  dissolve  readily  in 
water,  and  form  with  ammonia,  a  colourless  compound  which  produces 
with  silver-solution,  a  white  curdy  precipitate  soluble  in  nitric  acid)  and 
yellowish  deliquescent  crystals  containing  silver.  (Vauquelin.) 

Purpurate  of  ammonia  forms  a  yellowish  precipitate  with  terchlorido 
of  gold  and  scarlet  with  bichloride  of  platinum.  (Prout.) 


Appendix  to  Purpuric  Acid. 

1.  Bosacic  Acid. 

Proust.  Ann.Ckim.  49,  162;  also  Seher.  J.  7,  11.  —  A.  Gehl.  3,  332. — 
Vauquelin,  J.  Phys,  73,  J 57;  BvU.  Pkarm,  3,  416.— A.  Vookl, 
Schw.  11,  401;  Prout,  Schw.  28,  184.  —  Fromherz  &  Gugert, 
Schw,  50, 199. 

Rosige  Sdure,  ro9et\farh€ne  Sdurtf  Aeide  rotadque,  —  First  distinguished  by 
Proust  as  the  red  colouring  principle  in  the  ht*ick-red  deposit  or  Sedi- 
mefUum  laierieium,  often  produced  in  the  critical  urine  in  hot  and  cold 
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fevers  and  in  attacks  of  goat.  Proat  regards  tlie  ccdouriDg  matter  as 
purparate  of  ammonia  or  potash;  for  since^  as  he  found,  the  brick-red 
deposit  likewise  contains  nitric  acid,  it  is  possible  that  parparic  acid 
may  be  formed  by  the  action  of  this  acid  upon  the  uric  acid.  It  is  true 
that  the  solubility  of  rosacic  acid  in  alcohol,  and  certain  other  of  its  pro- 
perties, are  unfavourable  to  this  view;  but  as  the  acid  has  not  yet  been 
obtained  in  the  pure  state,  it  is  scarcely  possible  to  arrive  at  any  definite 
conclusion  respecting  it.  —  A  flannel  waistcoat  which  had  been  worn  for 
five  months  by  a  patient  suffering  from  intermittent  fever,  exhibited  a 
deep  red  colour  nnder  the  armpits,  and  yielded  its  red  principle,  not  to 
water  but  to  boiling  alcohol  or  to  potash-solution;  on  evaporating  the 
alcohol,  this  substance  was  left  in  the  form  of  a  brick-red  powder,  and  on 
mixing  the  potash-solution  with  sulphuric  acid,  it  was  precipitated  as  a 
red  powder.  (Landerer,  Repert,  55,  284.) 

PreparcUian,  The  red  crystalline  SedimefUum  laiericium  deposited 
from  the  critical  fever-urine,  and  consisting  of  rosacic  acid,  uric  acid, 
mucus,  and  phosphate  of  lime,  is  washed  with  cold  water,  and  boiled 
either  with  alcohol  or  with  water,  which  liquids  dissolve  scarcely  any- 
thing but  the  rosacic  acid.  The  liquids  are  evaporated,  after  the  gredler 
part  of  the  uric  acid  dissolved  in  the  aqueous  dec6ction  has  been  sepa- 
rated out  by  cooling.  (Pronst,  Vogel.)  As  the  sediment  likewise  con- 
tains urate  of.  soda,  which  dissolves  more  readily  in  water,  it  is  better 
to  boil  with  alcohol  than  with  water;  but  even  in  that  case,  a  small 
quantity  of  orate  of  soda  remains  mixed  with  the  preparation.  (Fromherz 
&  Gugert.) 

Properties.  Bright  scarlet  powder;  inodorous,  has  a  faint  taste; 
reddens  litmus. 

Decomposttions,  Impure  rosacic  acid  thrown  on  red-hot  coals  exhales 
a  pungent  odour,  but  without  the  peculiar  empyreumatic  character  of 
animal  substances.  (Proust.)  —  In  chlorine  gas  it  immediately  assumes  a 
yellow  colour.  (A.  Vogel.)  —  It  is  quickly  decomposed  by  strong  nitric 
acid,  with  intumescence  and  formation  of  nitrous  gas,  and  is  converted 
into  a  yellow  mass,  which  leaves  red  scales  when  volatilized,  like  uric 
acid  treated  with  nitric  acid.  (A.  Vogel.)  —  It  dissolves  quietly  in  oil  of 
vitriol,  forming  a  liquid  which  is  first  rose-coloured,  then  dark  red,  and 
from  which  a  small  quantity  of  water  or  alcohol  throws  down  uric  acid 
in  the  form  of  a  white  powder,  destroying  at  the  same  time  the  colour  of 
the  liquid.  With  oil  of  vitriol  diluted  with  3  pts.  of  water,  rosacic 
acid  first  assumes  a  beantifnl  red  colour,  and,  after  a  few  days,  deposits 
a  white  powder  exhibiting  the  characters  of  uric  acid.  (Vogel.)  — 
Hydrochloric  acid  imparts  a  slight  yellowish  tint  to  rosacic  acid,  but  only 
after  some  time.  Aqueous  sulphurous  acid  colours  it  deep  carmine-red. 
(A.  Vogel.)  —  The  acid  dissolved  in  water,  turns  yellow  on  the  addition 
of  mineral  acids,  and  deposits  a  small  quantity  of  uric  acid.  (Fromherz 
in  Gugert.)  —  The  red  powder  immersed  in  sulphuretted  hydrogen  water, 
disappears  in  a  few  months,  giving  off  a  putrid  ammoniacal  odour.  (A. 
Vogel.)  —  Strong  solution  of  potash  imparts  a  brownish-yellow  colour  to 
rosacic  acid,  with  considerable  evolution  of  ammonia;  acids  then  sepa- 
rate it  from  the  potash  with  yellowish  colour.  (A.  Vogel.)  —  With 
aqueons  ammonia  it  forms,  after  a  few  hoars,  a  yellowish  powder,  which 
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dissolves  in  water  somewhat  more  readilj  than  the  free  acid>  and  is 
repreoipitated  on  addition  of  an  acid.  (A.  Vogel.)  —  Ammonia,  potash, 
or  baryta  Imparts  a  yellow  colour  to  the  aqaeoos  solution.  (Fromherz  A 
Gugert.  The  entire  sediment  dissolves  in  potash,  forming' a  dark  green 
solution  with  reddish  iridescence,  and  acids  reprecipitate  the  rose-coloured 
substance,  decolorizing  the  liquid  at  the  same  time.  (Yanqnelin.)— • 
Nitrate  of  silver  changes  the  red  colour  of  the  powder  to  green  in  a  few 
hours.  (A.  Vogel.) 

Rosacic  acid  dissolves  pretty  easily  in  water.  The  solution  forms  a 
pale  rose-coloured  pre<$ipitate  with  nentral  acetate  of  lead.  (Prout.)  It 
forms  a  rose-coloured  precipitate  with  acetate  of  lead,  reddish-yellow 
with  mercurons  nitrate,  and  flesh-coloured  with  nitrate  of  silver. 
(Fromherz  Si  Gugert.) 

With  uric  acid  it  forms  a  red  compound,  insoluble  in  cold  water,  and 
decomposable  only  by  hot  water  or  by  alcohol. 

It  dissolves  readily  in  alcohol. 


2.   Yellow  Acid  formed  by  the  Decomposition  of  Purpuric 

Acid. 

When  a  solution  of  1  pt.  uric  acid  in  2  pts.  nitric  acid  of  34^  Bm. 
and  2  pts.  water  is  precipitated  with  milk  of  lime,  and  the  red  filtrate 
evaporated  at  a  gentle  heat  to  the  consistence  of  honey,  then  freed  from 
nitrate  of  lime  by  digestion  in  alcohol  of  40^  Bm.  and  the  brown  residue 
thoroughly  boilea  with  water,  one-third  of  it  then  remaining  nndissolved, 
a  brown  solution  is  obtained,  containing  the  compound  of  lime  with  a 
peculiar  acid;  and  the  undissolved  matter  consists  of  the  same  compound 
ivith  excess  of  lime.  By  decomposition  with  oxalic  acid,  and  evapora- 
tion, a  brown-red  mass  is  obtained,  of  the  consistence  of  honey,  from 
which,  in  20  days,  a  large  number  of  needles  separate,  united  in  stellate 
groups,  less  coloured,  having  a  very  sour  taste,  and  deliquescing  in  the 
air.  This  acid  is  freed  by  digestion  with  lead-oxide  and  water  from 
admixed  oxuric  [alloxanicT  acid,  which  forms  a  soluble  salt  with  lead, 
whilst  a  yellow  lead-salt  o?  the  peculiar  acid  remains  undissolved.  This 
salt,  when  decomposed  by  dilute  sulphuric  acid,  yields  the  pure  acid, 
also  with  less  colour,  and  the  acid  is  obtained  in  a  still  less  coloured 
state  by  decomposing  the  lead-salt  with  sulphuretted  hydrogen^  the 
colouring  matter  then  adhering  to  the  sulphide  of  lead. 

The  acid  crystallines  indistinctly,  forms  yellow  precipitates  with 
protochloride  of  tin  and  acetate  of  lead,  brown  with  nitrate  of  silver, 
and  greyish  white  with  mercurous  nitrate.  The  precipitate  formed  with 
acetate  of  lead,  disappears  on  heating  the  liquid,  the  lead-salt  then 
separating  in  square  yellow  needles  as  the  liquid  cools.  The  lead-salt 
heated  in  a  glass  tube  first  gives  ofl*  a  small  quantity  of  water,  then 
hydrocyanate  of  ammonia  and  snblimed  carbonate  of  ammonia,  and 
leaves  a  black  mass  having  the  shape  of  the  crystals.  (Yauqnelin.) 
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Murexan. 

C"N»H^O»=C"N«Ad«HO*«,0». 

Prout,  (1818.)    Ann.  Chim.  Fhys.  11,  iS.—Ann.  PhU.  14,  363. 

KoDWEiss.     Pogg.  19,  12. 

LiEBio  &  WdHLEB.    Ann.  Pharm.  26,  327. 

Proot'B  Purpuric  aeid,  —  Fonned  in  the  decom position  of  purpunite  of  ammonia 
by  the  stronger  acidBi  Bulphuretted  hydrogen  or  potaidi. 

Preparation.  1.  A  solution  of  parparate  of  ammonia  in  potash  ia 
boiled  till  it  loses  its  colour  and  all  the  ammonia  is  volatilized,  then 
fipradually  mixed  with  dilute  hydrochloric  or  sulphuric  acid,  which  throws 
down  murexan  in  the  form  of  a  yellowish  or  grey  powder.  (Prout, 
Liebig,  &  Wohler.)-^2.  A  solution  of  purpurate  of  ammonia  in  boiling 
water  is  mixed  with  sulphuric  or  hydrochloric  acid.  (Liebig  &  Wbhler.) 
When  these  acids  are  made  to  act  directly  on  the  crystals  of  murexid, 
the  murexan  obtained  is  more  coloured.  (Prout)  —  The  precipitated 
crystalline  scales  are  purified  by  dissolving  them  in  cold  oil  of  vitriol, 
and  gradually  dropping  the  solution  into  cold  water  (Pront),  or  by  dis- 
solving in  potash  and  precipitating  with  an  acid.  (Liebig  &  Wohler.) 

Properties.  After  precipitation  from  purpurate  of  ammonia  :  white, 
soft,  nacreous,  crystalline  scales  (Prout)  j  often  yellowish  or  reddish; 
after  precipitation  from  oil  of  vitriol:  snow-white  powder  (Prout);  after 
precipitation  from  solution  of  potash:  very  loose,  soft,  yellowish- white 
powder,  much  healrier  than  water  (Prout);  with  a  silky  lustre  like 
uramil  (Liebig  &  Wohler).  It  is  infusible,  tasteless,  and  does  not  per- 
ceptibly redden  litmus  (Prout).  It  turns  red  in  air,  containing  ammonia. 
(Prouty  Liebig,  &  Wohler.) 


Calcniation  according 
16  C - 

to  Gm. 

96    ....     35*69 

70     ....     2602 

7     ....      2*60 

96    ....     35*69 

5N    

7  H   

12  O   

Calculation  according  to  Li 

6  C   

2  N  

ebig  &  W&hler. 

36     ....     33*33 

28     ....     25-93 

4     ....       3*70 

40     ....     37*04 

269     ....  10000 

Liebig  & 

>^'5hler. 

33*32     .... 

25-72     .... 

3-72     .... 

37-24     .... 

KodweisB. 
....     3G58 
....     28-45 

4  H  

....       2*22 

5  O  

....     3275 

C»N«H*0» 

108 

....  10000 

10000     .... 

...  100*00 

Considering  the  great  discrepancy  .of  the  two  analyses,  which  appears  to  arise  from 
the  different  states  of  purity  and  dryness  of  the  murexan  examined,  I  have  assumed  a 
formula  containing  C*^,  which  gives  percentages  intermediate  between  those  of  the  two 
analyses,  and  leads  to  the  simplest  equations.  If  this  formula  be  correct,  murexan 
may  be  regarded  as  a  conjugated  compound  of  uramil  and  dialuric  acid : 

C«N»H»0«  +  CI^H^O"  =  C>»N»H'0»  +  2H0. 

According' to  Kodweiss^  who  proposes  the  formula  Cl>^^HH^",  murexan  does  not 
diminish  in  weight  at  100*.  According  to  Front's  earlier  analyses,  the  formula  should 
be  CNHW, 
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Decompoittions,  1.  Murexan  yields  by  dry  diEtillation  a  large  quanlitj 
of  carbonate  of  ammonia,  together  with  a  little  hydrocyanic  acid^  oily 
matter,  and  pulverulent  charcoal.  (Front.)  It  yields  cyanic  acid,  email 
quantities  of  hydrocyanic  acid,  and  carbonate  of  ammonia,  an  oily  sub- 
stance which  soon  solidifies,  and  a  small  quantity  of  charcoal.  (Kod- 
weiss.)  —  2.  When  heated  in  contact  with  the  air,  it  first  reddens  from 
formation  of  ammonia,  without  fusion  or  volatilization,  and  then  burns 
without  any  peculiar  odour.  (Front.)  —  It  dissolves  with  decomposition 
in  chlorine- water  (Front),  without  yielding  cyanic  acid.  (Liebig,  Pog^, 
15,  569.)  —  4.  It  dissolves  readily  and  with  effervescence  in  strong 
nitric  acid,  and  leaves  purpurate  of  ammonia  when  evaporated.  (Front.) 
Strong  nitric  acid  acts  violently  on  murexan  when  heated,  giving  off 
nitrous  and  carbonic  acid,  and  yielding  by  evaporation  rhombohedrons 
of  oxalate  of  murexan,  surrounded  by  a  yellow,  deliquescent  mass, 
which  reddens  when  heated,  and  contains  ammonia,  nitric  acid,  oxalic 
acid,  and  murexan.  (Kodweiss.)  —  5.  Murexan,  heated  with  oil  of  vitriol, 
gives  off  a  large  quantity  of  carbonic  acid  and  a  small  quantity  of  nitrogen 
gas,  and  forms  a  brown  solution,  containing  ammonia,  and  not  precipit- 
able  by  water.  (Kodweiss.)  —  6.  The  colourless  solution  which  murexan 
forms  with  aqueous  ammonia,  out  of  contact  with  the  air,  absorbs 
oxygen  on  exposure  to  the  air,  and  assumes  a  deep  purple-red  colour, 
which  graoually  extends  from  above  downwards,  and  when  completely 
evaporated  in  the  air,  leaves  nothing  but  crystals  of  parporate  of  ammo- 
nia. (Kodweiss,  Liebig,  &  Wohler) : 

[CWN'H'O"  +  NH»  +  20  =  C»«N«HH)»  +  2H]. 

When  the  ammoniacal  solution  is  left  for  some  time  in  pure  oxygen 
gas,,  the  reddening  is  followed  by  a  complete  luss  of  colour,  due  to  the 
formation  of  oxalurate  of  ammonia : 

CWH^O*  +  30  =  C«N»H*0«. 

(Liebig  &  Wohler.)     [Should  not  other  products  be  formed  besides  the 
oxaluric  acid  f\ 

Comhinatums,  Murexan  requires  more  than  1 0,000  pts.  of  water  to 
dissolve  it.  The  pale  red  liquid  becomes  slightly  turbid  when  cool,  but 
does  not  lose  its  colour.  (Front). 

It  dissolves  in  cold  oil  of  vitriol,  and  is  precipitated  therefrom  without 
alteration  by  water  (Front,  Kodweiss,  Liebig,  &  Wohler).  It  is  not  per- 
ceptibly soluble  in  dilute  phosphoric,  sulphuric,  or  hydrochloric  acid. 
(Front.) 

It  dissolves  in  warm  dilute  nitric  acid  without  effervescence,  and 
yields  by  slow  evaporation,  small  rhombohedrons  which  appear  to  be 
nitrate  of  murexan.  The  crystals  have  a  sour  and  astringent  taste;  they 
efiioresce  and  turn  red  in  the  air,  and  become  coloured  when  heated, 
giving  off  nitrous  vapours.  From  their  pale  yellow  solution  in  potash, 
sulphuric  acid  throws  down  unaltered  murexan,  while  the  filtrate  yields 
by  evaporation  crystals  of  nitre,  and  leaves  a  deliquescent  mass  which 
turns  yellow,  and  gives  off  ammonia  when  heated.  The  solution  of  the 
rhembohedrons  in  ammonia  deposits,  after  a  while,  yellowish- white  flakes, 
containing  nitric  acid,  ammonia,  and  murexan.  The  crystals  become 
dark  red  when  heated  with  ammonia.  Their  aqueous  solution  forms  with 
baryta  and  lime-saltSi  on  addition  of  ammonia,  a  white  gelatinous  pre- 
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cipitate^  and  with  acetate  of  lead^  a  precipitate  which  increases  on  addi- 
tion of  ammonia,  and  often  tnms  red  when  heated. 

Mnrezan  dissolves  easily  in  aqueous  solutions  of  ammonia  and  the 
fixed  alkalis,  without  nentializing  them,  and  forms  solutions  which  are 
colourless  provided  the  air  he  excluded.  (Liebig  &  Wohler.) 

Oxalate  of  Mttrexanf  —  1.  Aqueous  oxalic  acid  containing  a  little 
nitric  acid  (without  which  no  solution  t^kes  place),  is  saturated  with 
niurexan,  and  the  solution  crystallized  by  evaporation.  —  2.  Mnrexan, 
or  its  nitrate,  is  heated  with  excess  of  strong  nitric  acid,  and  the 
ciTstals  obtained  by  evaporation,  separated  from  the  mother-liquor.  — 
The  first  process  yields  six-sided  prisms;  the  second,  large  rhombohe- 
drons;  the  crystals  are  colourless.  —  When  burnt  with  oxide  of  copper, 
they  yield  4  vol.  CO'  to  1  vol.  N.  With  hot  oil  of  vitriol,  they  give  off 
caroonic  oxide  gas.  Heated  and  evaporated  with  a  small  quantity  of 
potash-solution,  they  yield  crystals  of  oxalate  of  potash,  and  a  red  deli- 
quescent mass,  which,  when  heated  with  a  larger  quantity  of  potash, 
gives  ofl*  ammonia  and  turns  yellow.  Their  solution  in  aqueous  am- 
monia yields,  by  slow  evaporation,  long,  slender,  white  needles  con- 
taining oxalic  acid,  which  turn  red  when  heated.  Their  aqueous  solu- 
tion boiled  with  acetate  of  baryta  forms  a  precipitate  of  oxalate  of 
baryta,  while  the  reddish  filtrate  contains  pnrpurate  of  baryta.  (Kodweiss.) 

Murexan  does  not  dissolve  in  alcohol  or  ether,  or  in  aqueous  acetic, 
tartaric,  or  citric  acid.  (Prout^  Kodweiss.) 


Primary  Nucletu  C®H»". 
fl.     Oxygen-nvdeus  C*H*0*. 

Malic  Acid. 

C»H«0"  =  C*H»0*,0«. 

ScHBELB.     Opiue.  2.  196. 

VAUiiUBLifC.    Ann.   Chinu  34.  127;   also  Crell.  Ann,  1801,  1,    72. — 

Further:  Scher.  J.  5,  291.  — Further:  Ann.  Chim,  Phy9.  6,  237; 

also  Schw.  24,  155;  also  N.  Tr,  3.  1,  98. 
BoriLLON  Laqbange  &  A.  Voobl.     iV.  GM.  3,  615;  also  J.  Phai^m, 

3,  49. 
Donovan.     Phil.  Trans.  1815,  231 ;  also  Ann.  Chim.  Phys.  1,  281. 
Bbaconnot.     Ann.  Chim.  Phys.  6,  239;  also  Schw.  24,  133;  also  N. 

Tr.  3,  1,  III.— Ann.  Chim.  Phys.  8,  149;  also  N.  Tr.  Q^  1,  138; 

also  Repert.  6,  201.— Ann.  Chim.  Phys.   51,  329. 
DoBERBiNEB.     Schw.  26,  273;  also  N.  Tr.  4,  1,  168. 
A.  VoGBL.     QUb.  61,  230. 
Houton-Labillakdierb.    Ann.  Chim.   Phys.  8,   214;  also  N.  Tr.  3, 

2,  382. 
Trommsdorff.     N.  Tr.  3,  1,  151. 
LiEBio.     Pogg.  18,  357;    also   I^.   Tr.  20,   2,  Ue.  —  Pogg.  28,  195; 

also  Ann.  Pharm.  5,  141. — Ann.  Pharm.  26,  166.  —  HandworUrb. 

1,  97. 
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Lassatgne.    «/.  Cldm.  mid.  4,  569. . 

Pelouze.    Ann,  Chim,  IBhys,  56,  72;  also  Ann.  Pharm.  11,  263;  also 

J.  pr,  Cliem,  3,  26. 
Richardson  &  Menzdorf.    ^nn.  Pharm,  26,  135. 
Robert  Haoen.     ilnn.  Pharm.  38,  257. 
E.  Luck.     Ann,  Pharm.  54,  112. 

A9pfeUdur«,  Vofftlbeenaure,  S^enUiure,  Aeide  ntaUque,  Aeide  9orbique. 

Hidory,  Malio  acid  was  first  obtained  by  Sckeele  in  1785,  but  not 
perfectly  pure,  and  its  pioperties  were  farther  examined  by  Vauquelin. 
Bouillon- Lagrange  &  vogel  showed  that  this  acid  under  certain  cir- 
cumstances yielded  acetic  acid,  and  pronounced  it  to  be  a  mixture  of 
acetic  acid  and  extractive  matter.  Donovan  in  1818  obtained  an  acid, 
difFeriug  in  some  respects  from  Schoele's  malic  acid,  which  he  regarded  as 
a  peculiar  acid,  and  called  Sorbic  add  (  Vogdbeersaure);  but  Braconnot  in 
1818  showed  that  this  acid  was  nothing  but  malic  acid  in  a  state  of  greater 
purity.     The  first  correct  analysis  of  malio  acid  was  given  by  Liebig. 

Sources.  Very  widely  diffused  in  the  vegetable  kingdom,  together 
with  acetic  and  oxaUc  acid.  Found  sometimes  in  the  free  state,  some- 
times combined  with  potash,  lime,  magnesia,  or  ve^ table  bases :  In  the 
root  of  Althaa  q/.,  Angelica  Archangelica^  Aruiolochia  Serpeniaria^ 
Arundo  DanaXy  Asclepias  Vincetoxicum^  Asparagus  q^„  Berberis  vulg.^ 
Beta  vulg.y  Bryonia  alba.  Convolvulus  Purga,  arvensis  and  Batatas^  Coryf 
dalis  tuberosa,  Cyperus  esculentus,  Daucus  Carota^  Glycyrrhiza  glabra, 
GypsophUa  Struthium,  Helianthus  tuberosus,  Lathyrus  tuberosus.  Lobelia 
syphilitica,  Nymphtsa  alba,  (Enanthe  crocata,  Paonia  off..  Poly  gala 
Senega,  Polypodium  Filix  Mas,  Primula  Veris,  Rheum,  Ruhia  iinctorum, 
Rumex  obtusifolius,  Solanum  tuberosum,  Valeriana  off. ;  —  in  the  wood  of 
Mesua  ferrea  ;  —  in  the  bark  of  Clematis  Flammula,  Daphne  Mezereum, 
Quassia  Simaruba^  Rhamnus  Frangula,  Viburnum  Opulus,  Monesia-hark ; 
—  in  the  haulm  (including  stems)  of  Achillea  tiobilis  and  Millefolium, 
Agave  americana,  Aconitum  Lycocionum  and  other  species,  Actaa  spicata, 
Artemisia  vulg.,  and  Absinthium,  Arum  maculatum,  Atropa  Belladonna, 
Balloia  lanata  and  nigra,  Brassica  oleracea,  Bryonia  alba^  Calendula  off.. 
Cannabis  sativa.  Cassia  Senna  and  lanceolata,  Chelidonium  maju^,  various 
fipecies  of  Cotyledon  and  Crassuh,  Centaur ea  benedicta,  Charophyllum 
sylvestre,  Convallaria  majalis,  Diosma  crenata,  Galeopsis  grandiflora. 
Geranium  zonale,  Gratiola  off.^  Hyoscyamus  niger,  Hyssopus  off.,  Lactuea 
Sativa^ Lychnis  diotca,Lycopus  europaus,Afamillariapusilla,Y(irioua  species 
of  Mesembryanthemum,ifercurialis  annua,  Morus  alba,Papaver  somniferum, 
Phormium  tenax,  Portulaca  oleracea.  Reseda  luteola,  Ricinus  communis, 
R»da  graveolens,  Saccharum  offdnarnm.  Salvia  off.,  Sambucus  Ebulus, 
Sedum  acre  and  Telephium,  Sempervivum  tectorum,  SpigeUa  anthelmia, 
Spinacia  oleracea,  Staphylaa  pinnata,  Syringa  vulg.,  Tanacetum  vulgare, 
I'hymus  Serpyllum,  Trifolium,  Melilothus  off.,  Tropaolum  majus  and 
Valeriana  off  ;  —  also,  according  to  Garot  {N.  J.  Pharm.  24, 308),  in  the 
leaves  of  the  common  ash ;  in  the  flowers  of  Calendula  off.,  Matricaria 
Chamomilla  and  Parthenium,  Sambucus  nigra.  Thymus  serpyllum,  Ver^ 
bascum  Thapsus  and  Viola  odorata ;  —  in  the  pollen  of  Cantuibis  sativa, 
Pinus  Abies  and  sylvestris,  Phcenix  dactylifera,  Typka  latifolia,  and  lulipa 
gesneriana; — in  the  fruit  of  Amygdalus  persica,  Annona  triloba,  Berberis 
vulgaris,  Bromelia  Ananas,  Comus  sanguinea,  Cucumis  Mela  and  saiivus, 
Cucurbita  Pepo,  Fragaria  vesca,  Musa  paradisiaca,  Prunus  dometUca,  and 
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C^rastis,  Pyrus  Oydonia^  commwm  and  Mahi$,  Rh  Cusoriaria^  glahrutn, 
typhmuxn  and  copallinum^  Ribea  rubrum  and  Grossularia,  Rosa  canina^ 
Rultus  Idatu  and  fruHconts^  SamhuctM  nigra,  Solanum  Lycopersicum, 
mammoiumf  rUyrumy  and  other  species,  Sorbw  Aucuparia^  Syrinya  vuU 
yarUy  Tamarandus  indica,  Vaccinium  Myrtillua,  Vitis  virUfera ;  —  in  the 
seed  of  Anaffyris  fostida^  Apium  Petroselinum^  Arachis  hypoyaa^  Barioima 
Tanyo,  Carum  Carvi,  Cocos  nuctfera,  Cuminum  Cyminum,  Cytisus  Ixibur^ 
tiMffi,  Datura  Stramonium^  Dephinium  Staphisayria,  Illicium  anisatum, 
Linum  u»itati»simum,  Menitpcrmum  Cocculua,  Myrtus  Pimenta^  Pim- 
pineUa  Anisum,  Piper  nigrum  and  longum,  and  in  Semen  dna;  —  in 
Jupulin;  — in  the  milky  juice  of  Hura  crepitans;  —  in  asa  foBtida,  opo- 
ponax,  sagapenum,  myrrh,  and  euphorbium.  Compare  especially  Scbeele  and 
Vaaqttelin;  also  Braconoot.  {Ann.  Ckim,  65,  277;  70,  255.)    ^  It  is  also  found 

in  the  decoction  of  Tagetis  erecla,  and  in  large  quantity  in  Ligusticum 
levisticum  (Dessaignes,  N.  /.  Pharm,  25,  23;,  and  in  the  ripe  berries  of 
Jlippophae  rhamnoides  (O.  L.  Erdmann,  /.  pr.  Chem,  55,  191):  it  like- 
wise occurs  abundantly,  together  with  oxalic  and  saccharic  acid,  in  the 
acid  residue  obtained  in  the  distillation  of  spirit,  atheris  nitrosi  from  nitric 
acid  and  alcohol. 

Braconnot  {J,  Phys.  84,  276)  likewise  obtained  from  Borago  of,, 
CodUearia  of.,  Momordica  Elaterium  and  Saponaria  of.,  acids  which 
appeared  to  consist  of  impure  malic  acid. 

The  Menitpermic  acid  obtained  by  Bonllay  {J,  Pliarm.  5,  5:  also 
Eepert.  7, 79)  from  the  berries  of  Cocculus  indtcus,  appears,  from  his  later 
investigations  made  in  conjunction  with  Vauquelin  {J.  Pharm,  12,  108), 
to  be  malic  acid. 

Sotanic  <icid,  which,  according  to  Pesohier  (/.  Ckim,  med.  3,  289; 
N.  Tr,  14,  2,  870),  occurs  in  all  species  of  JSolanum,  int  especially  in  the 
berries  of  Solanum  nigrum,  was  recognized  by  John,  Braconnot,  Desfosses, 
Ilisch,  and  others,  as  malic  acid. 

A  eerie  acid  {Feldahornsaure)  obtained  by  J.  A.  v.  Scherer  from  Acer 
campestre;  Stocklacksaure  by  John  (Schw,  15, 110)  from  stocklac,  and  by 
Esenbeck  &  Marquart  (Ann.  Pharm.  13,  393)  from  a  spurious  shellac; 
tanacetic  acid,  hy  Peschier  {N.  Tr.  14,  2,  175);  achilleic  acid,  by  Zanon 
(Ann,  Pharm,  58,  31);  the  acid  found  by  Braconnot  (Ann,  Chim.  62, 
28),  in  the  stems  of  Phytolacca  decandra;  manihotic  acid  obtained  by 
0.  Henry  &  Boutron-Charlard  (J,  Pharm,  20,  628;  22,  122);  and 
euphorbic  ctcid,  by  Ricgel  (Jahrb.  pr,  Pharm,  6,  165),  from  the  flowering 
herb  of  Euphorbia  Cyparissias:  —  all  these  acids  are  perhaps  identical 
with  malic  acid.  —  IT  According  to  Ritthausen  (J,  pr,  Chem.  53,  413), 
the  acid  contained  in  Lycopodium  complanatum  is  probably  malic  acid .  — 
H.  Schwartz  (Ann,  Pharm.  84,  83)  found  malic  acid  in  unripe  Silesian 
grapes.  —  Winckler  (Chem.  Oat,  1853,  32)  found  in  wine  made  from 
nnripe  grapes  from  the  Bergstrasse,  an  acid  possessing  the  physical  pro- 
perties of  malic  acid  but  the  chemical  relations  of  citric  acid.  Winckler 
regards  this  as  a  peculiar  acid  which  he  denominates  Paracitric  acid, 
Ptisteur  (N.  J,  Pharm.  24,  75),  however,  regards  this  acid  as  malic  acid. 
Winckler,  on  the  other  hand  (N,  Jahrb,  Pharm.  1,  75),  persists  in  his 
opinion  that  It  is  a  peculiar  acid  distinct  from  malic  acid.  ^ 

A  few  other  acids  which  have  been  more  particularly  examined^  and  perhaps  belong 
to  this  h;:ad,  will  be  given  as  an  appendix  to  malic  acid. 

FoTTnation.  In  the  decomposition  of  asparagin  or  aspartic  acid  by 
cold  nitrous  acid.  (Piria.)  —  ^  The  modification  of  aspartic  acid,  whicn 
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rotates  the  plane  of  polarisation  of  a  ray  of  light,  produces  a  malic  acid 
possessing  the  same  power  and  identical  in  all  respects  with  ordinary 
malic  acid;  but  the  inactive  modification  of  aspartic  acid  (q.  v,)  pro- 
daces  an  inactive  malic  acid.  (Pastenr,  N,  Ann.  Chim.  Pkys.  34,  SO.)  Y 
Whether  the  add  which  Lowitz  obtained  (CrelL  Ann.  1792,  I,  222)  by  deoompomag 
grape  or  gum-sugar  with  alkalisi  ia  really  malic  add,  remains  yet  to  b^  determined. 

PreparcUion.  I.  From  the  herriea  of  ^  McwnUiinr<uik.  —  These  like- 
wise contain  small  quantities  of  tartaric  and  citric  acid^  especially  while 
very  unripe.  (Liebig.) 

1.  The  juice  of  mountain-ash  berries  not  quite  ripe^  after  being 
pressed^  boiled  up  and  filtered,  is  partly  neutralized  with  carbonate  of 
potash,  leaving,  however,  a  sufficient  excess  of  acid  to  redden  litmus 
pretty  strongly;  then  precipitated  by  nitrate  of  lead  (or  with  neutral 
acetate  of  lead,  if  carbonate  of  potash  is  not  used);  set  aside  for  a  few 
days,  till  the  curdy  precipitate  is  completely  converted  into  small  needles; 
these  crystals  freed  from  the  admix^  mucous  or  flocculent  compound  of 
lead-oxide  and  colouring  matter  (which  is  particularly  abundant  when 
acetate  of  lead  is  used)  by  careful  elutriatiou  with  cold  water;  and  lastly 
well  washed  with  water.  —  a.  The  needles  are  either  boiled  with  a 
quantity  of  dilute  sulphuric  acid  not  sufficient  to  decompose  them,  as 
long  as  any  granular  deposit  continues  to  subside;  the  uniform  pulpy 
mass  mixed  with  aqueous  sulphide  of  barium,  till  a  filtered  sample  is 
found  to  contain  baryta;  the  liquid  filtered  (the  sulphide  of  lead  then 
acting  as  a  decolorising  agent);  the  colourless  filtrate  boiled  with  excess 
of  carbonate  of  baryta;  the  liquid  again  filtered  (tartrate  and  citrate  of 
baryta  remaining  in  the  filter);  the  baryta  precipitated  from  the  filtrate 
by  careful  addition  of  dilute  sulphuric  acid;  and  the  filtrate,  which  should 
show  no  turbidity  either  with  sulphuric  acid  or  with  chloride  of  barium, 
evaporated  to  the  crystallizing  point.  If  the  filtrate  should  become 
turbid  on  addition  of  sulphuric  acid,  it  must  be  evaporated  down,  the 
residue  exhausted  with  alcohol;  the  liquid  filtered  from  the  remaining 
malate  of  baryta;  and  again  evaporated.  —  6.  Or  these  needles  of  inlpure 
malate  of  lead  are  boiled  with  a  slight  excess  of  dilute  sulphuric  acid, 
the  filtrate  divided  into  two  equal  portions;  one  portion  exsictly  neu- 
tralized with  ammonia;  the  other  portion  then  added;  and  the  reddish 
liquid  evaporated  and  cooled;  it  then  yields  nearly  colourless  crystals  of 
acid  malate  of  ammonia,  which  may  be  rendered  quite  colourless  by 
recrystallization.  These  crystals  are  then  precipitated  by  acetate  of 
lead,  and  the  precipitate,  after  thorough  washing,  decomposed  by  sul- 
phuretted hydrogen  or  sulphuric  acid.  (Liebig.) 

2.  The  juice,  after  boiling  and  straining,  is  partially  neutralized  by 
ammonia;  72  pts.  of  it  precipitated  by  1  pt.  of  neutral  acetate  of  lead; 
the  liquid  filtered  after  a  few  hours,  to  separate  tartrate  and  citrate  of 
lead  and  the  compound  of  lead-oxide  and  colouring  matter;  the  filtrate 
gradually  mixed  with  small  portions  of  a  concentrated  solution  of  nitrate 
of  lead,  stirring  all  the  while,  till  a  filtered  sample  is  but  slightly  clouded 
by  the  nitiate  of  lead;  the  precipitate,  which  becomes  crystalline,  col- 
lected after  a  while  on  the  filter,  washed  with  cold  water,  suspended  in 
water,  and  decomposed  by  sulphuretted  hydrogen;  the  nearly  colourless 
filtrate  heated  on  the  water-bath  to  expel  sulphuretted  hydrogen,  neu- 
tralized with  ammonia,  and  decolorised  with  bone-charcoal  which  has  - 
been  purified  by  hydrochloric  acid;  the  colourless  filtrate  precipitated  by 
nitrate  of  lead;  the  precipitate  well  woshed  with  cold  water  after  it  has 
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become  orjrstalline,  then  Buspended  in  a  four-fold  anantiiy  of  water,  and 
deoompoeed  by  Balphnretted  hydrogen,  the  liquid  oeiDg  briskly  agitated 
all  the  while;  and  the  filtrate  evaporated,  first  on  the  water-oathy  and 
then  at  a  sen  tie  heat  till  it  crystallizes.  22*7  pts.  of  mountain-ash 
berries  yield  1  pt.  of  malate  of  lead*  (Winckler,  Jahrb.  pr,  Pharm. 
h  13.) 

3.  The  filtered  juice  of  ripe  mountain-ash  berries  is  precipitated  with 
neutral  acetate  of  lead,  the  precipitate  thoroughly  washed  with  cold 
water,  and  then  treated  on  the  filter  with  boiling  water,  as  long  as  the 
wash-water  continues  to  deposit  malate  of  lead  on  cooling.  —  The  residue 
on  the  filter  (which  Donovan  erroneously  regards,  not  as  neutral  malate 
of  lead  closely  aggregated  and  thereby  rendered  difllcult  of  solution,  but 
as  basic  malate),  is  decomposed  with  dilute  sulphuric  acid;  the  acid 
liquid  precipitated  with  neutral  acetate  of  lead;  the  precipitate  again 
treated  with  boiling  water,  and  this  treatment  once  more  repeated.  •^ 
Lastly,  all  the  crystals  of  the  lead-salt,  which,  having  separated  from  a 
colourless  solution,  are  free  from  colouring  matter,  are  decomposed  by 
half  an  hour's  boiling  and  constant  stirring  with  2*3  pts.  of  sulpburic  acid 
of  8p.gr.  1*09  (a  quantity  not  sufficient  to  take  up  all  the  lead-oxide); 
the  liquid  filtered;  the  laid  which  b  dissolved  in  the  filtrate  precipitated 
by  sulphuretted  hydrogen;  and  the  liquid  again  filtered  and  evaporated. 
(l)onovan.) 

4.  Vauquelin  leaves  the  juice  to  ferment  for  14  days,  whereby  it 
loses  its  viscidity;  then  precipitates  it  with  neutral  acetate  of  lead;  boils 
the  precipitate,  consisting  of  malate  of  lead,  a  little  phosphate,  and  a  cer- 
tain quantity  of  colouring  matter,  repeatedly  with  water;  obtains  the 
malate  of  lead  in  colourless  crystals  by  repeated  solution  in  hot  water 
and  cooling;  and  decomposes  the  crystals  as  in  (3)  by  sulphuric  acid  and 
sulphuretted  hydrogen. 

5.  W5hler  {Fogg.  10,  104)  dilutes  the  juice  of  mountain-ash  berries 
not  quite  ripe,  with  3  or  4  pts.  of  water;  filters;  adds  solution  of  acetate 
of  l€»ui  to  the  liquid  while  in  a  state  of  ebullition  as  long  as  turbidity  is 
thereby  producea;  and  filters  boiling  hot  The  filtrate  immediately 
becomes  turbid,  and  deposits  dirty-coloured  pulverulent  malate  of  lead; 
the  liquid  decauted  therefrom  yields  the  pure  salt  in  white  needles  as 
it  cools. 

6.  Braoonnot  saturates  the  juice  of  mountain-ash  berries  not  quite 
ripe  with  carbonate  of  lime,  while  boiling;  evaporates  the  liquid  to  a 
syrupy  consistence  and  skims  it;  separates  the  malate  of  lime  which  is 
(ieposited  on  cooling  from  the  syrup;  purifies  it  by  washing  with  a  small 
quantity  of  cold  water  and  pressure  between  linen;  boils  for  a  quarter  of 
an  hour  with  an  equal  weight  of  crystallized  carbonate  of  soda  and  with 
water;  then  filters  the  liquid  containing  malate  of  soda  from  the  car- 
bonate of  lime,  and  frees  it  from  the  red  colouring  matter  by  boiling  with 
a  little  milk  of  lime;  and  thus  obtains  a  transparent  and  colourless 
filtrate,  which  he  frees  from  lime  by  passing  carbonic  acid  through  it  and 
precipitates  with  basic  acetate  of  lead;  after  which  he  washes  the  malate 
of  lead  and  decomposes  it  with  sulphuric  acid. 

7.  The  juice  of  the  unripe  berries  is  boiled  for  some  hours  with  a 
quantity  of  milk  of  lime  not  quite  sufficient  to  neutralize  it,  as  long  as  it 
continues  to  deposit  malate  of  lime  in  the  form  of  a  sandy  powder;  this 
powder  removed  from  the  liquid  and  added,  after  washing  with  cold 
water,  to  a  boiling  mixture  of  I  pt  nitric  acid  and  10  pts.  water,  as  long 
as  it  dissolves;  the  hot  filtrate  left  to  cool;  the  nearly  colourless  crystals 

yoL.  X.  p 
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of  acid  malate  of  lime  whicb  form,  purified  by  recrystaUintioii  from 
boiling  water;  tbeir  hot  solution  precipitated  by  nentral  acetate  of  lead; 
the  precipitate,  after  washing  with  cold  water,  suspended  in  warm  water 
and  decomposed  with  sulpharetted  hydrogen;  and  the  filtrate  OTaporated, 
first  on  the  open  fire,  then  on  the  water-bath,  to  a  syrup,  which  solidifies 
after  some  time  to  a  crystalline  mass.  (Hagen.) 

II.  From  Batueleek.  The  juice  of  this  plant  is  rich  in  malate  of 
lime. 

1.  The  filtered  juice  of  houseleek  is  evaporated  nearly  to  a  syrup, 
and  gradually  mixed  with  alcohol;  the  pasty  mass  which  separates, 
repeatedly  washed  with  fresh  portions  of  weak  alcohol,  and  dissolved  in 
water,  after  being  strondy  pressed  between  linen;  the  brown  solution 
mixed  with  a  quantity  of  sulphuric  acid  sufficient  only  to  precipitate  half 
the  lime;  and  the  liquid  separated  from  the  gypsum  by  decantation  and 
pressure.  This  liquid  yields  in  24  hours,  crystals  of  acid  malate  of  lime; 
and  the  supernatant  mother-liquor  evaporated  to  a  syrup,  yields  an 
additional  crop  of  crystals,  first  by  14  days  standing  in  a  cool  place,  and 
then  by  addition  of  alcohol,  which  however  must  be  added  with  caution, 
as  too  large  a  quantity  would  likewise  precipitate  the  brown  colouring 
matter.  The  crystals  are  purified  by  dissolving  them  twice  in  hot  water 
and  recrystallizmg;  they  are  then  again  dissolved  in  water;  the  lime 
precipitated  by  sulphuric  acid;  the  liquid  filtered  and  digested  with  lead- 
oxide  to  remove  the  sulphuric  acid;  again  filtered;  the  dissolved  lead 
precipitated  by  sulphuretted  hydrogen;  the  liquid  filtered  from  this  pre- 
cipitated and  evaporated  to  dryness;  and  the  acid  dissolved  out  by 
alcohol,  which  leaves  small  quantities  of  lime  and  lead-oxide  undissolved. 
(Braeonnot) 

2.  Houton-Labillardidre  supersaturates  houseleek  juice  with  milk  of 
lime;  filters;  evaporates  down  to  three-fourths,  whereupon  a  white  pul- 
verulent salt  is  deposited  on  cooling;  decants  the  brown  mother-liquor; 
washes  the  salt  with  alcohol  of  12°  to  15°  Bm.;  dissolves  it  in  water; 
filters  from  the  compound  of  lime  and  colouring  matter;  precipitates  by 
nitrate  of  lead;  washes  the  precipitate;  suspends  it  in  water;  and  de- 
composes it  with  sulphuretted  hydrogen;  then  filters,  and  evaporates  to 
a  syrup,  which  yields  crystals  in  a  few  days. 

8.  Donovan  evaporates  the  syrup  to  two-thirds;  mixes  it,  after  fil- 
tration, with  an  equal  quantity  of  alcohol;  washes  the  precipitated 
malate  of  lime  with  alcohol;  dissolves  it  in  water;  precipitates  with 
neutral  acetate  of  lead;  and  decomposes  the  washed  precipitate  as  in  I.,  3. 

When  the  malate  of  lime  is  precipitated  by  a  leebd  salt,  the  resulting 
malate  of  lead  contains  lime,  and  yields  malic  acid,  which  also  contains 
lime  and  therefore  precipitates  nitrate  of  lead  or  silver;  it  may  be  sepfr- 
rated  from  the  acid  malate  of  lime  (as  in  Braconnot*s  process)  oy 
evaporating  to  a  syrup  and  extracting  with  strong  alcohol  (Qay-Lussao, 
Ann.  Chim  Fhys,  6,  331;  also  Schuf.  21,  216;  also  Jf.  Tr.  3,  1^  95; 
eomp,  Wackenroder^  Jf.  Br.  Arch.  25,  58.) 

III.  From  Cherrifs  or  Berberrie$.  —  A.  Vogel  precipitates  the  juice 
with  neutral  acetate  of  lead;  washes  the  blue  precipitate  with  cold  water; 
boils  it  repeatedly  with  water,  the  compound  of  lead  oxide  and  colour- 
ing matter  then  remaining  undissolved;  and  obtains  by  cooling,  as  in 
Donovan's  process,  crystals  of  malate  of  lead^  whidli  he  then  decomposes 
by  sulphuretted  hydrogen. 
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IV.  Fnm  ike  henries  of  Khua  Coriaria,  —  These  berries  contain  acid 
maJate  of  lime.  After  being  separated  from  the  stalks,  they  are  re- 
peatedly ezhansted  with  boiling  water;  the  red  acid  infusion  partially 
evaporated;  the  liquid  separated  from  the  precipitate  of  oxidized  ex- 
tnustive  matter;  the  filtrate  repeatedly  evaporated  and  cooled,  as  long  as 
it  continnes  to  yield  brownish  crystals  of  acid  malate  of  lime;  these 
crystals  washed,  and  decolorized  by  recrystallization;  their  aqueous 
solution  then  precipitated  by  carbonate  of  potash;  the  filtrate  precipi- 
tated by  acetate  of  lead;  the  white  crystalline  malate  of  lead  decomposed 
by  sulphuretted  hydrogen;  and  the  ciystallized  acid  obtained  by  evapo- 
rating the  filtrate.  (TrommsdoriT,  Ann,  Pharm,  10,  328.) 

The  juice  of  the  berries  of  MhiM  glahrum  or  typhinumi  3ne]ds  with 
acetate  of  lead  a  precipitate,  which,  when  washed  with  cold  water, 
xeeryBtallized  from  hot  water,  and  decomposed  by  sulphuretted  hydrogen, 
immediately  yields  colourless  crystals  of  the  acid.  (Lassaigne.) 

V.  From  ike  dem»  of  various  species  of  Bhubarh,  — The  juice  ex- 
pressed from  the  stems  and  leaves  of  Ekeum  palmatum  or  undvlatum  is 
clarified  by  boiling  with  isinglass;  then  strained  and  evaporated  to  a 
thin  syrup,  which  in  a  few  days  yields  crystals  of  acid  malate  of  potash, 
to  be  decolorized  by  pressure  and  recrystallization,  and  amountiug  to 
8^  per  cent,  of  the  stems  and  leaves.  By  precipitating  this  salt  with 
acetate  of  lead,  and  decomposing  the  washed  precipitate  with  sulphuretted 
hydro^n,  very  pure  malic  acid  is  obtained,  which  crystallizes  well. 
(Winckler  &  Herberger,  Jakrb.  pr,  Fkarm  2,  201.)  —  Another  mode 
of  preparation  was  previously  given  by  Th.  Everitt.  (PkU,  Mag.  J. 
23,  327.) 

VI.  From  Apples,  —  Apple-juice  neutralized  with  carbonate  of  potash 
is  precipitated  with  acetate  of  lead,  and  the  washed  precipitate  uecom- 
posed  with  an  equivalent  quantity  of  dilute  sulphuric  acid.  (Scheele.)  — 
The  acid  thus  obtained  is  a  thick,  brown,  uncr3rstallizable  syrup  which 
dries  up  to  a  varnish  when  exposed  in  thin  layers  to  a  warm  dry  atmo- 
sphere. This  inability  to  crystallize  proceeds,  according  to  Braconnot^ 
from  the  presence  of  a  brown  substance  which  prevents  the  crystal- 
lization, not  only  of  the  acid,  but  also  of  its  lead -salt.  As  this  impure  acid 
obtained  by  Scheele  was  formerly  the  only  kind  of  malic  acid  known,  the  colourless 
and  crystallixable  add  wliich  DonoTan  obtained  from  mountain-ash  berries  was  regarded 
as  a  distinct  acid. 

The  preparation  of  malic  acid  from  Artemieia  Ahsentkium  is  described 
by  Luck. 

Erdmann  (J.  pr.  Chem,  55,  191)  recommends  the  ripe  berries  of  the 
sea-buckthorn  {Hippopkae  rkamndiaes)  as  a  source  for  the  preparation  of 
malic  acid. 

Pure  malic  acid  should  be  colourless  and  crystallizable;  bum  without 
residue  (of  potash,  lime,  oxide  of  lead,  &o,);  not  become  coloured  with 
ammonia;  and  yield  no  precipitate  with  nitrate  of  lead  or  silver. 

Properties,  The  aqueons  acid  evaporated  to  a  syrup,  and  then  left 
to  evaporate  further  in  a  warm  place,  yields  colourless  needles  or  prisms 
united  in  feathery  or  spherical  groups  (Vauquelin,  Braconnot,  Liebig); 
according  to  A .  Vogel,  the  crystals  are  six-sided;  according  to  Winckler, 
four-sided.  The  crystals  melt  at  83^,  but  sustain  a  heat  of  1 20^  without 
diminishing  in  weight  (Pelouze.)  They  are  inodorous  aud  have  a  very 
sour  taste.     H,  According  to  Pasteur,  ordinary  (optically  active)  mahc 
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acid  begins  to  melt  at  100^  and  to  decompose  at  140^;  wbereas  optically 
inactive  malic  acid  begins  to  melt  at  \Bd^,  and  to  decompose  at  150^ 
The  latter  crystallizes  in  the  same  manner  as  the  ordinaiy  acid,  bat  more 
readily.  (N.  Ann.  Chim.  FAys.  34,  80.)  f . 

OryHaUized,  Pelonse.  PMfcmir. 

8C 48  ....  85-82    ....    36-86  ....  35-76 

6H 6  ....  4-48     ....       4-36  ....  4*65 

10  0 80  ....  59-70    ....    58-78  ....  5959 

C»H«0>«» 134    ...  10000    ....  100-00    ....  100-00 

Pdoaie  obtained  too  much  carbon,  probably  becaue  malic  add,  aa  liebif  has 
shown,  giyes  off  water  at  130**. 

F^tenr  analysed  the  optically  inactiTe  malic  acid  obtained  from  Inacdve  asparCic 
add  by  the  action  of  nitrona  add;  the  add  was  crystaUised  and  dried  oter  ralphoric 


According  to  the  radical-theory,  the  hyp.  anhydrous  add  »  C^HK)*  ■>  M,  and  the 
crystallized  acid  «-  HO,C^HH)^.  Proat  found  Uie  hyp.  anhydrons  acid  contained  in 
the  lead,  lime  or  oopper-salt,  to  consist  of  40-68  p.  c  C,  5*08  H  and  54-24  O. 

Dec<mipo9itions.  1.  The  acid  heated  for  some  hours  to  between  175** 
and  180^  in  a  retort  placed  in  the  oil-bath,  is  resolved,  without  any 
CTolntion  of  gas  or  carbonization,  into  water,  maleic  acid  (viii.  151) 
which  passes  over  in  the  liquid  form  with  the  water,  and  crystallizes 
soon  afterwards,  and  about  an  equal  quantity  of  fumaric  acid  (ix.  22), 
part  of  which  distils  orer,  while  the  rest  remiuns  in  the  retort,  in  the 
form  of  a  crystalline  mass.  If  the  malic  acid  be  suddenly  heated  to  200^, 
and  kept  for  some  time  at  that  temperature,  a  comparatirely  laige 

Quantity  of  maleic  acid  is  obtained;  but  at  150°,  the  nutlic  acid  is  very 
lowly,  but  almost  completely  resolyed  into  water  and  fumaric  acid. 
The  first  product  of  the  aecomposition  perhaps  consists  entirely  of  maleic 
acid,  which,  howeyer,  if  the  heat  be  not  (juickly  raised  to  the  point  of 
yolatilization,  is  converted  into  fumaric  acid.  ^Pelouze.)  Even  by  con- 
tinued exposure  to  a  heat  of  120°  to  180°,  fused  malic  acid  is  converted, 
with  turbidity  and  escape  of  water,  into  a  pulpy  mixture  of  fumaric 
acid  lamine,  and  undecomposed  malic  acid;  the  latter,  when  dissolved 
out  by  cold  water,  and  heated  as  above  after  evaporation,  again  yields 
water  and  a  similar  mixture;  and  in  this  manner  all  the  malic  acia  may 
be  finally  converted  into  water  and  fumaric  add.  If  the  distilUition 
be  conducted  as  quickly  as  possible  over  a  strong  alcohol -flame,  a  large 
quantity  of  maleic  acid  passes  over  with  the  water,  till  the  residue 
suddenly  solidifies  to  crystalline  fumaric  acid.  (Liebig.)  —  Equations  for 
the  formation  of  maleic  and  fumaric  acid: 

C8H«OW  -  2C*H20*  +  2H0. 
and :  C»H«0»  -  C^HH)*  +  2H0. 

If  a  strong  fire  be  made  to  act  immediately  on  the  malic  acid,  it  swells 
np,  turns  brown,  and  yields,  together  with  the  maleic  and  fumaric  acids, 
large  quantities  of  carbonic  oxide  and  carbonic  acid  gases,  empyreumatic 
oil,  and  charcoal,  which  must  be  regarded  as  decomposition-products  of 
the  maleic  and  fumaric,  not  of  the  malic  acid.  (Lassaigne.)  —  2.  In  the 
open  fire,  the  acid  bums  with  the  odour  of  burnt  sugar. 

3.  The  acid  in  combination  with  potash  is  decomposed  by  bromine, 
with  formation  of  bromoform.  (Gahours,  N.  Ann.  Chim.  FhyB,  18,  507.) 
-» 4.  Nitric  acid  easily  converts  it  into  oxalic  acid,  with  evolution]  of 
carbonic  acid.   (Vauquelin.)  —  It  is  not  decomposed  by  aqueous  iodic 
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acid.  (Millon.)  —  5.  When  gently  heated  with  oil  of  yitriol,  it  gires  oft 
carbonic  oxide  au  (Dobereiner),  and  at  the  same  time  forms  acetic  acid. 
(Liobig.}^-6.  When  heated  with  oil  of  vitriol  and  chromate  of  potash 
together^   it  gives  off   all  its  carbon  in   the  form  of   carbonic  acid. 

iDobereiner.^  —  The  aqueons  acid  does  not  act  on  peroxide  of  manganese. 
Ddbereiner.)  —  It  is  not  converted  into  f amario  acid  bjr  boiling  with 
strong  hydrochloric  add.  (Hagen.^ 

7.  Wben  cautionsly  heated  with  excess  of  potash-hydrate,  it  forms 
acetate  and  oxalate  of  potash  [with  evolution  of  hydrogen?].  (Riechteri 

N.  Br,  Areh,  39,  23.)  —  For  the  oonTenion  into  fiiociiuo  add,  aee  Malaie  qf  Lime, 
pp.  216,  217. 

C<mb%nationt.  The  ciystaHised  acid  deliquesces  when  exposed  to 
the  air;  it  dissolves  in  a  small  quantity  of  water,  forming  a  colourless 
syrup;  with  a  larger  quantity,  it  forms  a  thin  liquid.  —  The  optically 
inactive  modification  is  less  soluble  in  water  and  less  deliquescent  than 
ordinary  active  malic  acid.  (Pftsteur.) 

The  MalcUea  aie  neutral  =Cna^MH)»  and  acid  =C"H>MO'o.  When 
subjected  to  dry  distillation,  they  swell  up,  and,  according  to  Unverdorben, 
give  off  two  empyreumatic  oils  of  different  degrees  of  volatility.  Between 
250°  and  300'',  the  malates  of  the  fixed  alkalis  are  converted,  with  loss 
of  water,  into  fumarates.  (Hagen.) 

CPH^BIK)M  -  C»H*M«0«  +  2H0. 

Nearly  all  malates  are  soluble  in  water.  —  The  optically  active  and 
inactive  modifications  of  malic  acid  yield  respectively  active  and  inactive 
malates.  (Pasteur.) 

Malatb  of  Ammonia.  •— o.  NeufyraL  —  Unciystallixable^  very  soluble. 
(Braconnot.) 

6.  if  cui.— >Prep«ntkm  (p.  208, 1,6)*  Large,  transparent,  colourless  prisms 
belonging  to  the  right  prismatic  system.  Fig.  75,  y:y=110°45'; 
y  :  m  =  125°  40^;  w  :  i«  =  125°;  u'  :u=  109°  20';  n'  :n=.  138°  54'. 

(Nickl^  ;  acoording  to  an  epiitolary  oommunication,  in  which  the  nnmbert  erro- 
neoQiIy  printed  in  the  Compt,  rind,  are  eorrected;  oomp.  also  Kobell,  Repert.  71.  320.) 
The  crystals  have  an  agreeably  acid  saline  taste  (L.  A.  Buchner,  Repai. 
71, 320);  they  are  permanent  in  the  air  (Braconnot),  and  do  not  diminish 
in  weight,  even  at  100°  in  a  stream  of  dry  air.  (Buchner.)  They  dis- 
solve very  readily  in  water,  but  are  insoluble  in  alcohol  and  ether 
!Braconnot|  Buchner),  and  dissolve  but  very  slowly  in  dilute  alcohol. 
Liebig.) 

CrjfMUiU.  Buchner. 

8C ..« 48    ....    31-79    32-69 

N    14     ....      9*27    9-28 

9U    9    ....      5-96 6-07 

too    80    ....     52-98 51-96 

C«H*(NH*)0«». 151     ....  100-00    100-00 

Ljebig  alio  obtained  b  j  oombnatkni  of  the  cryetals,  1  vol.  nitrogen  gas  to  8  vol. 
earbonio  add. 

Y.  According  to  Pasteur  {Ann.  Pharm.  82,  331),  the  acid  ammonia- 
salt  of  ordinary  (optically  active)  malio  acid  forms  crystals  belonging  to 
the  right  prismatic  system,  often  with  hemihedral  faces.     Their  specific 
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gravity  compared  with  that  of  water  at  12*5,  is  1*5500. — Dissolres  in 
d'll  pts.  of  water  at  15*7^.  The  eolation  rotates  the  plane  of  polarization 
of  a  ray  of  light.  Heated  in  the  oil-hath  to  160*— 200**,  it  is  converted 
into  a  sparingly  soluhle  suhstanoe,  C'NH*0»=C*NirO*-3HO=A8partio 
acid  minus  water  (p.        ). 

CH'CNH*)©!*  -  C8NH*0»  +  5HO. 

Ammonia  escapes,  however,  together  with  the  water,  and  the  residae 
contains  fumario  and  maleio  acid,  together  with  malic  acid  hoth  active 
and  inactive. 

The  acid  ammonia-salt  of  inactive  malic  acid  forms  two  kinds  of 
crystals,  (a)  The  solution  when  evaporated  first  yields  crystals  having 
the  same  composition  as  the  active  ammonia-salt,  and  the  same  form, 
with  exception  of  the  hemihedral  faces,  which  are  absent.  —  (5)  The 
mother-liquor  separated  from  these  crystals  deposits  after  a  while,  large, 
hard,  transparent  crystals  containing  2  At.  water  more  than  the  salt  a, 
and  belonging  to  the  oblique  prismatic  (monodinometrio)  system.  They 
are  decomposed  by  heat  in  the  same  manner  as  the  active  salt 

Crysiattiied,  Pasteor. 

8  C  48  ....  28-40    28*25 

N  14  ....  8-28 

11  H  11  ....  6-51    6-40 

12  O  96  ....  56*81 

C?H*(NH^)0»  +  2Aq 169     ....  10000 

When  the  acid  ammonia-salts  of  the  two  varieties  of  malic  acid  are 
heated  in  the  same  oil-bath,  they  exhibit,  at  temperatures  differing 
but  little  from  one  another,  the  same  alterations,  vis  loss  of  water  and 
ammonia,  and  formation  of  the  insoluble  substance  CNH^O*.  (Pasteur.)  f. 

Malate  of  Potash.  »-  a.  NenUraL  —  Uncrystallizablo,  deliquescent, 
insoluble  in  strong  alcohol.  (Braconnot.) — h.  Acid. — Crystals,  perma- 
nent in  the  air,  soluble  in  water,  insoluble  in  alcohol  (Donovan);  con- 
taining in  the  dried  state  24*3  per  cent,  of  potash.  (Ddbereiner.) 

Malatb  op  Soda.  —  a.  Neutral, -^K^  with  potash.  —  ft.  Add. — 
Crystalline,  permanent  in  the  air,  soluble  in  water,  insoluble  in  alcohol. 
(Donovan.) 

Malate  of  Lithia.  —  In  the  neutral  as  well  as  in  the  acid  state,  it 
forms  a  S3rmpy  uncrystallisable  mass,  which  does  not  harden  even  in 
warm  air.  (C.  G.  Gmelin.) 

Malate  op  Baryta.  —  a.  NetOral.  —  1.  The  acid  neutralized  with 
baryta-water,  leaves  on  evaporation  a  gummy  mass,  which  is  permanent 
in  the  air  and  soluble  in  water  (Braconnot);  when  evaporated  at  a  gentle 
heat,  it  yields  crystalline  scales,  containing,  after  drying  in  the  air,  2  At. 
water,  one  of  which  they  give  off  at  30**  and  the  other  at  100°;  they 
dissolve  very  readily  in  water;  but  on  boiling  the  solution,  the  salt  is 
deposited  in  the  anhydrous  state.  (Hagen.) 

2.  The  aoueous  acid  cannot  be  completely  neutralized  by  boiling 
with  excess  or  carbonate  of  baryta.  (Liebig,  Hagen.) 

o.  The  acid  saturated  in  the  cola  with  carbonate  of  baryta  yields  by 
evaporation  in  vacuo  (the  quantity  of  acid  in  the  mother-liquor  increas- 
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ing),  thin  traoflpareiit  laminn^  which  are  nentral^  diflsolve  readily  in 
water,  and  give  off  10*6  p.  o.  water  at  220""  (at  tOO^  they  give  off  a 
smaller  quantity  and  retain  their  solubility). 

/9.  The  saturated  solution  of  these  laminsB,  and  likewise  malio  acid 
saturated  with  carbonate  of  baryta,  becomes  turbid  when  boiled,  and 
deposits  a  heavy  crystalline  meal  consisting  of  insoluble  anhydrous  salt. 
(Richardson  &  Menzdorf.)  The  acid  saturated  while  warm  with  car- 
bonate of  baryta,  likewise  deposits  on  evaporation,  first,  white  amorphous 
crusts  of  the  neutral  anhydrous  salt,  and  lastly  films  of  a  salt  which  has 
an  acid  reaction,  and  is  soluble  in  water;  the  last  deposited  crusts  of  the 
neutral  salt,  on  the  contrary,  do  not  dissolve  either  m  cold  or  in  boiling 
water,  bnt  readily  on  addition  of  a  trace  of  nitric  acid.  (Liebig.) 


2  BaO 

..     153*2 
..     116-0 

....     56-91     .. 
....     4309 

Hagen              Liebig 

(1)  at  100*.            2,  p. 

56-55     56-44 

CHK)"    

CH^BaW® 

2  BaO 

..    269*2 

....  100-00 

RirJi.  9t  Mentdorf 
2,o. 
50*19 

C«H<0«   

4  HO 

....     116-0    .... 
36*0    .... 

88-01 

11-80    10-6 

C8H<Ba»OM  +  4Ac 

1 

...    305-2     .... 

100-00 

The  salt  (1)  dried  at  ^0^  contains  54*44  p.  o.  baryta  (therefore  1  At. 
water);  and  the  air-dried  salt  contains  52*93  p.  c.  baryta  (therefore  2  At. 
water).   (Hagen.)     [Aceording  to  this,  the  salt  should  be  different  from  2,  a.] 

6.  Aeid.  -—  Uncrystallizable,  more  translucent,  and  more  soluble  in 
water  than  a.  (firaconnot.) 

Braconnot  formerly  distinguished  a  hasie  taU  which  he  stated  to  be  deposited  in 
white  flakes  on  strongly  supersaturating  the  add  with  baryta-water ;  but,  according  to 
Lassaigne,  an  excess  of  baryta-water  does  not  render  the  acid  turbid ;  and  according  to 
Liebig,  it  does  not  produce  turbidity  in  a  solution  of  acid  malate  of  ammonia ;  and 
Braconnot  himself,  in  a  later  oommunicfition  {Ann*  CAttn.  Phyt,  51,  331,)  states  that 
baryta- water  does  not  produce  turbidity  in  the  acid. 

Malatb  of  Strontia.  —  a.  Neulral.  —  1.  The  acid  is  not  rendered 
tnrbid  by  strontia- water  (Lassaigne),  and  the  mixture  yields  by  rapid 
evaporation,  a  gum  ;  by  slow  evaporation,  a  white  translucent  crystallo- 
granular  mass;  the  salt  is  permanent  in  the  air,  and  dissolves  readily  in 
water.  (Braconnot.)  —  2.  The  aqueous  acid  digested  with  carbonate  of 
strontia,  still  retains  the  power  of  reddening  utmus  slightly,  and  after 
sufficient  evaporation,  deposits  nodular  masses.  (Hagen.) 


AnhydmuM, 

2  8rO 104    ....    47-27 

C?H*0«  116    ....    62-73 


(2)  dried  ai  100*. 

2SrO 104     ....     43-70 

C«H*0»       116     ....    48-74 
2  HO 18    ....      7-56 


Hagen. 
44-10 


0»H<Si«0»» 220     ....  10000  +2Aq 288     ....  100-00 

The  air-dried  salt  (2)  contains  41*17  p.  c  strontia  (Hagen). 

6.  Aeid,  —  Deposited  in  the  crystalline  form  on  mixing  theaqneooa 
solution  of  the  neutral  salt  with  malic  acid;  does  not  melt  in  the  fire; 
dissolves  sparingly  in  cold,  readily  in  hot  water.  (Braoounot.) 
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M  AL  ATE  OF  Limb.  —  a.  Neutral,  —  1 .  The  acid  does  not  beoome  tnibid 
on  addition  of  excess  of  lime-water  (Braconnot,  Ann.  Chim.  Phyi,  51,  331 ; 
LajB8ai|rne);  not  even  in  concentrated  solutions  and  on  the  application  of 
heat,  —  a  character  by  which  malic  is  distinguished  from  citric  acid. 
(H.  Rose,  Fogg,  31,  210;  Wiockler);  according  to  Hagen,  on  the  con- 
trary, on  heating  the  mixture  [still  more  concentrated?]  the  anhydrous 
neutral  salt  is  separated  in  the  form  of  a  granular  powder.  At  all  erenta 
there  does  not  appear  to  be  any  baaie  gait  precipitated,  as  was  formerly  rappoaed  by 
Braoonnot. .—  The  acid  neutralized  with  lime-water  yields  on  evaporation 
in  vacuo  (an  acid  mother-liquor  remaining)  large,  thin,  shining  laminsD, 
which  dissolve  readily  in  water,  and  after  drying  in  vacuo  at  ordinary 
temperatnres,  give  off  all  their  water  =17  p.  c.  (4  At.)  at  180^  and 
about  half  of  it  at  100°.  Their  aqueous  solution,  when  left  to  eva- 
porate in  the  air,  again  yields  laminsB,  but  when  heated  to  the  boiling 
point)  deposits  a  white,  g^nular,  nearly  insoluble  salt  with  2  At.  water. 
Hence  the  laminsB,  in  parting  with  half  their  water,  likewise  lose  their 
aolubility.  (Richardson  &  Menzdorf,  Ann,  Fharm,  26,  135.) 

2.  Dilute  malic  acid  agitated  in  the  cold  with  excess  of  carbonate  of 
lime,  remains  strongly  acid;  but  the  filtrate,  when  boiled,  coagulates  to 
a  pulp  composed  of  granules  of  the  bihydrated  neutral  salt,  which  is 
nearly  insoluble  in  water  and  in  aqueous  malic  acid.  (Richardson  & 
Menzdorf.)  Impure  malic  acid  is  not  completely  neutralized  by  digestion 
with  excess  of  carbonate  of  lime,  but  with  pure  acid  the  neutralization 
is  perfect.  (Braconnot.)  Even  the  pure  acid  is  not  completely  neu- 
tralized. (Hagen.)  From  the  solution  thus  obtained,  the  neutral  salt 
separates  m  four-sided  prisms,  which  grate  between  the  teeth,  dissolve  in 
83  pts.  of  cold  and  a  somewhat  smaller  quantity  of  hot  water  (Las- 
saigne);  or  as  a  granular  powder  of  anhydrous  salt,  which  is  nearly 
insoluole  both  in  hot  and  in  cold  water.  (Hagen.) 

3.  The  same  granular  powder  is  thrown  down  from  the  aqneous  solu- 
tion of  the  acid  salt  by  several  hours'  boiling.  (Hagen.) 

4.  A  mixture  of  aqueous  chloride  of  calcium  and  neutral  malate  o 
soda  deposits,  after  a  while,  the  neutral  malate  of  lime  in  transparent 
crystalline  grains.  This  salt  scarcely  froths  up  in  the  fire;  it  is  com- 
pletely decomposed  by  the  soluble  alkaline  carbonates.  It  dissolves  in 
147  pts.  of  cold  water,  forming  a  solution  which  tastes  somewhat  like 
nitre,  and  in  at  most  65  pts.  of  boiling  water,  from  which  it  does  not 
separate  on  cooling.  (Braconnot.) 

5.  The  solution  of  acid  malate  of  lime»  neutralized  with  a  soluble 
alkaline  carbonate,  yields  by  evaporation  at  a  gentle  heat,  hard  shining 
crystals  of  the  neutral  salt,  which  contain  5  At  [or  6  At.]  water,  give 
off  1  [or  2]  At  water  at  100^  assnitaing  the  appearance  of  porcebin, 
and  are  completely  dehydrated  at  ]  50^  (Hagen.) 

6.  The  granular  salt,  left  to  itself  in  the  moist  state  for  two  days, 
takes  up  water,  and  is  converted,  under  circumstances  not  yet  deter* 
mined,  into  rou^h,  translucent,  globular  crystals,  which,  after  drying 
in  the  air,  whereby  they  are  rendered  opaque,  give  off  22*49  p.  c  (6  At) 
water  at  200°.  (Dessaignes  k  Chautard,  N.  J.  Fkarm.  13,  243.} 

Neutral  malate  of  lime;  kept  for  some  months  under  a  shallow  layer 
of  water  in  a  vessel  covered  with  paper,  is  converted  into  succinate. 
(Dessaignes.)  During  the  winter,  crystallized  hydrated  carbonate  of 
lime  and  a  mucous  organization  are  likewise  produced;  but  in  the 
summer  months,  the  sole  product  consists  of  needles  of  succinate  of  lime, 
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which  gmdoally  rise  abore  the  diminishing  malate  of  lime,  while  a  email 
quantity  of  gas  ia  given  off.  (Deasaignes,  Compt.  rend.  28,  16.) 

When  a  mixture  of  4  pte.  of  malate  of  lime,  24  pte.  of  water,  and 
1  pt  of  yeaety  (or  a  smaller  quantity  of  pntrefying  cheese  or  fibrin,) 
is  set  aside  in  a  warm  place,  a  tolerably  brisk  evolution  of  pure  carbonic 
acid  gas  takes  place;  the  muddy  lime-salt  begins  in  the  course  of  3  days, 
to  become  granular  and  heavy;  and  after  the  evolution  of  gas  is  termi« 
nated,  appears  under  the  microscope  to  consist  of  transparent  needles 
united  in  stellate  groups,  and  composed  of  succinate  and  carbonate  of  lime. 

The  supernatant  liquid  contains  acetate  of  lime. 

If  too  much  yeast  or  cheese  is  used,  or  if  the  mixture  becomes 
too  hot,  hydrogen  gas  is  evolved  as  well  as  carbonic  acid,  and  possibly 
in  equal  volume,  and  in  that  case  there  is  obtained  but  little  succinic 
and  acetic,  but  a  large  quantity  of  butyric  acid,  and  a  colourless,  volatile 
oil,  smelling  of  apples,  which  may  be  obtained  by  distilling  the  liquid; 
this  oil  dissolves  readily  in  water,  and  may  be  separated  therefrom  by 
chloride  of  calcium  or  carbonate  of  potash;  it,  however,  dissolves  a  larger 
quantity  of  chloride  of  calcium  in  the  dry  state.  For  the  fermentation 
in  which  succinic  and  acetic  acid  are  produced,  and  pure  carbonic  acid 
is  evolved,  the  equation  is  : 

SC«H«0»  -  2C»H«0»  +  C«H<0*  +  4CO«  +  2H0. 

For  the  fermentation,  when  hydrogen  is  evolved : 

2C«HK)»  -  C»H»0*  +  8C0«  +  4H ; 

or,  if  the  evolution  of  hydrogen  is  subsequent  to  the  formation  of  8nc« 
cinic  acid : 

8C»HH)»  -  «a»H«0<  +  800*  +  2H. 

[Tlw  formatioii  of  tl&e  volatile  oil  is  not  here  taken  Into  aoeoimt.]  —  Part  of  the 
carbonic  acid  remains  with  the  lime.  (Liebig,  Ann.  Fharm.  70^  104,  and 
863.) 

Y  According  to  E.  J.  Kohl  (Ann.  Pharm,  78,  252),  malate  of  lime 
fermented  with  putrefying  casein,  gives  off  nothing  but  carbonic  acid, 
and  yields  principally  lactate  of  lime,  with  small  quantities  of  succinate, 
acetate,  and  carbonate.  W.  Baer,  {Ar<^,  Pharm,  [2],  69,  147,)  ob- 
tained a  similar  result  with  the  juice  of  mountain-ash  berries,  neutralised 
with  carbonate  of  lime,  mixed  with  beer-yeast,  and  left  to  stand  at 
ordinary  temperatures.  —  Winckler  (Jahrb,  pr,  Pharm,  22,  300)  found 
a  large  quantity  of  lactic  acid  in  the  acid  residue  of  cider,  and  sup- 
poses it  to  have  been  formed  by  fermentation  of  the  malate  of  lime 
contained  in  the  juice  of  the  apples.  —  Rebling  (Arch.  Pharm,  [2],  67, 
300)  observed  that,  in  the  fermentation  of  malate  of  lime,  valerianic 
acia  is  formed  as  well  as  succinic  and  butyric  acid.  IT. 

Rich.  M.  Hageo 

(1)  at  200*.  (2). 


2  CaO  

56 

....     32*56    .. 

32-00     .... 

....    32-19 

aHK)» 

116 

....     67-44 

C»H<Ca«0«>  . 

172 

....  10000 

Kch.  M. 
(1)  at  100». 

Dess.  Ch. 
(6)  at  100*. 

2  CaO  

#••••••#•#• 

56 

....     29-48     .. 

31-03    .... 

....    30-96 

C»H<0« 

116 

....     6105 

2  HO    

18 

....      9-47 

C«H*Ca«0»  + 

2Aq. 

190 

....  10000 
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(5)  ai  lOif.       (1)  air^rUd. 

2  CaO  66    ....    26'92    27*38 

C»H<0« 116    ....     55-77 

4  HO   S6    ....     17-31     17-00 

C»H*Ci^OW  +  4Aq.   208    ....  10000 

HngeD  Den.  Ch. 

(5)  tdr^drM.        (6)  air^drUd. 

2  CaO  ^ 56    ....     24-78     26-11     24-56 

C8H<0» 116    ....     51-33 

6  HO   54     ....     23  89     22-49 

C»H*Ci«3  +  6Aq.      226     ....  lOO'OO 

The  salt  obtained  by  saturating  the  impare  acid  from  apples  with 
excess  of  carbonate  of  lime,  reddens  litmns  slightly,  dissolves  readily 
in  cold  water,  and  is  precipitated  therefrom  by  alcohol,  in  the  form  of 
a  greasy  substance,  which  dries  up  to  a  ramish.  (Scbeele.) 

Y  When  a  solution  of  inactive  malic  acid  is  neutralized  with  lime- 
water,  no  turbidity  is  produced;  but  on  addition  of  alcohol,  the  neutral 
lime-salt  is  deposited  in  white  amorphous  flakes.  On  boiling  the 
neutralized  aqueous  solution,  a  granulo-crystalline  precipitate  is  formed, 
having  the  composition  C^H^Ca'O^,  and  but  sparingly  soluble  in 
water,  either  hot  or  cold.  —  When  a  solution  of  acid  malate  of  am- 
monia containing  the  inactive  acid,  is  mixed  with  a  soluble  lime-salt 
and  excess  of  ammonia,  no  precipitate  is  formed  at  first,  but  after  24 
hours,  transparent  crystals  united  in  nodules  are  formed,  containing 
C»H*Ca»0»«-f5Aq.  (Pasteur.)  IT. 

6.  Acid.  —  May  be  prepared  from  the  stems  of  GnxMtum  stonaU 
(Braconnot).  Also  from  the  berries  of  Rhui  glabrtun  or  capaUinwniy  by 
exhausting  them  with  hot  water,  evaporating  the  infusion,  decolorizinff 
it  with  animal  charcoal  previously  purified  with  hydrochloric  acic^ 
evaporating  the  filtrate  further,  setting  it  aside  to  crystallize,  and  puri- 
fying the  resulting  crystals,  if  necessary,  by  recrystallizatlon.  (Rogers, 
Sill.  Am,  p.  27,  294.)  —  The  solution  of  the  neutral  salt  in  warm  dilute 
nitric  acid,  deposits  the  acid  salt  in  crystab  on  cooling.  (Hagen.)  —  The 
clear,  shining  prisms  and  needles  of  this  salt,  which  contain  8  At.  water, 
belong  to  the  right  prismatic  system.  Fig.  68  without  the  t-face;  y  :  y 
=  122^  18';  p:y=l52'*  13';  p:<  =  90°;  y:tt=10r  5';  < : « = 
125°  2(y;  f/  :  u  =  129°  25'.  (Nickl^  epist.  communication,)  Braconnot, 
Wackenroder  and  Rogers  have  given  similar  descriptions  of  the  crystals, 
whereas  Hagen  obtained  rhombic  octohedrons.  —  IT  According  to  Pasteur, 
the  acid  lime-salt,  prepared  with  the  optically  octave  ^ordinary)  acid 
often  exhibits  hemihedral  fietces;  while  the  salt  prepared  with  the  mactive 
acid  exhibits  the  same  crystalline  form,  but  without  hemihedral  faces.  T. 
•^The  crystals  have  an  agreeably  acid  taste  (liogers),  stronger  than 
that  of  cream  of  tartar  ^Braconnot).  —  At  100°,  they  give  off  22  37  p.  e. 
(nearly  6  At.)  water,  and  at  180°,  31*06  p.  c.  (nearly  8  At.)  in  all.  (Rich- 
ardson &  Menzdorf).  When  exposed  n>r  8  days  to  a  temperature  of 
100°,  they  give  ofif  only  19  or  20  per  cent  of  water,  and  leave  a  mass 
which  draws  out  into  threads  when  heated.  At  a  somewhat  higher  tem- 
perature, they  swell  up,  give  off  22*53  p.  c.  water,  and  leave  a  trans- 
parent gum  (Braconnot),  which,  when  strongly  heated,  ^ves  only 
pnngently  acid  and  tear-exciting  vapours,   becomes   carbonized,  with 
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light  appearance  of  fire  (WackeDroder),  and  finally  leares  a  white, 
tnmefied,  calcareous  mass.  (Rogers.)  —  The  crystals  dissolve  in  50  pts. 
of  cold  water,  more  abundantly  in  hot  water,  and  crystallize  on  cooling 
(Trommsdorff);  they  dissolve  sparingly  in  water  (Braconnot);  abundantly 
(Rogers).  By  alcohol,  which  takes  away  the  acid,  they  are  converted 
into  the  neutral  salt  (Braconnot);  they  are  insoluble  in  boiling  96  per 
cent,  alcohol;  boiling  70  per  cent,  alcohol  dissolves  them,  leaving  a 
white  powder  of  salt  a;  and  the  solution,  on  cooling,  yields  crystals  of 
salt  6,  while  a  super-acid  lime>aalt  remains  in  solution,  (wackeuroder.) 

CfrygtaXlized,  Braconnot     Wackenr.    Rof«n,       Hagen. 

CaO   28    ....  12-44  ....     11S>9    ....     130    ....     125     ....     13-69 

C»HK)» 125    ....  55-56 

9  HO 72     ....  32-00    ....     2253 

C»H*CaO«»+8Aq 225     ....  10000 

Hagen,  from  his  own  analyait,  which  however  diffen  from  sQ  the  rest,  rappotea 
the  crystals  to  contain  only  6  Aq. 

Malaie  of  Lime  and  Ammonia,  —  Obtained  by  combining  a  malate  of 
lime  containing  a  large  excess  of  acid,  with  ammonia.  Crystallizes  in 
the  form  of  acid  malate  of  lime,  although  it  oon tains  but  very  little  lime. 
(Braconnot) 

Malaie  of  Lime  and  Potash.  —  When  potash  is  added  to  a  lukewarm 
solution  of  neutral  malate  of  lime,  two  such  compounds  are  formed^  the 
one  being  precipitated,  while  the  other  remains  in  solution,  and  refuses 
to  crystalhza  (Braconnot.) 

Malate  of  Lime  and  Soda.  — -  Carbonate  of  soda  scarcely  produces 
any  turbidity  in  a  solution  of  acid  malate  of  lime,  even  on  application  of 
heat.  (Braconnot) 

Malate  op  Magnesia  .  —  a.  Neutral.  —  a.  Anhydrous,  —  Obtained  by 
precipitating  a  concentrated  solution  of  the  salt  7  with  absolute  alcohol, 
washing  with  alcohol  the  thick  flakes,  which  melt  when  heated  into  a 
mass  that  may  be  drawn  out  into  threads,  and  drying  them  at  100^, 
(Hagen.) 

€t,  Hagen* 

2MgO  40    ....    25.64    27-02 

C»H<0«  116    ....     74-36 

C8H<Mg»0'» 156    ....  10000 

/9.  With  2  At.  YTo^.  —  Obtiuned  by  drying  the  orjrstals  7  at  100^ 
(Liebig,  Hagen.) 

7.  With  10  At.  Water.  —  The  boiling  dilute  acid  is  saturated  with 
magnesia,  the  neutiul  filtrate  evaporated  till  it  forms  a  orvstalline 
film,  and  the  solution  left  to  crystallize  by  cooling.  (Hagen.)  The  crys- 
tallization takes  place  with  facility  Braconnot).  The  crystals  are  thick 
rhombic  prisms,  having  a  bitterish  taste  (Lassaigne).  They  are  per- 
manent in  the  air  (Donovan);  they  effloresce  in  the  air,  and  give  off 
29*5  to  300  p.  0.  (8  At)  water  at  lOO*',  but  no  more  at  higher  tempera* 
tures,  not  even  at  the  heat  of  a  boiling  solution  of  chloride  of  calcium. 
(Liebig.)  They  froth  up  in  the  fire;  dissolve  in  28  pts.  of  water. 
Donovan.  —  The  lalt  of  the  impure  acid  deliqueioei  la  the  air  (Scheele). 
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fi  LM>ig.  Hageiu 

2  MgO 40  ....  22-99    2345    23*25 

C«H*0» 116  ....  66-67 

2  HO    18  ....  10*34 

C8H*Mg30«»  +  2Aq.    174    ^..  10000 

y  Hagen* 

2  MgO  40  ....  16-26    16-66 

C«H<0»  116  ....  47-15 

10  HO 90  ....  36-59 

CPH<Mg8O»+10Aq 246     ....  10000 

&.  Add.  —  Formed  by  half  satarating  the  aqneoua  acid  with  carbonate 
of  magnesia,  and  evaporating.  —  Flat  prisms,  which  give  off  2  At.  water 
at  10<r,  and  melt  at  a  stronger  heat.  (Hagen.)  Transparent  gum,  per- 
manent in  the  air;  its  solution  mixed  with  potash,  yields  a  precipitate 
of  baric  malaU  ofmoffneria  and  potash.  (Braconnot) 

Dried  at  100*.  Hagen. 

MgO   20  ....  12-27    13-29 

C8H*0»  125  ....  76-69 

2  HO 18  ....  11-04 

CPH*BlgH)W  +  2Aq 163    ....  100-00 

CryttaUiztd.  Hagen. 

MgO   20  ....  11-05    11-95 

C8H*0« 125  ....  69  06 

4  HO 36  ....  1989 

C8H*Mg«0W  +  4Aq 181     ....  lOO'OO 

Malatb  of  Yttria.  —  1.  When  an  aqueous  solution  of  malic  acid  is 
poured  upon  carbonate  of  yttria,  part  of  the  resalting  salt  dissolves,  and 
is  obtained  by  evaporation  in  small  white  nodules.  —  2.  Neutral  alkaline 
malates  throw  down  from  yttria-salts  —  when  the  solutions  of  the  two 
salts  are  concentrated  and  mixed  in  due  proportion  —  a  white,  almost 
crystalline  powder,  which  remains  in  white  granules  when  its  aqueous 
solution  is  evaporated.  —  The  air-dried  salt  is  CH*YK)"+2Aq.  —  It 
does  not  give  off  its  water  at  1 10°,  and  is  but  slowly  decomposed  at 
higher  temperatures.  It  dissolves  in  74  pts.  of  water;  its  solution  in 
aqueous  malic  acid  deposits  the  neutral  salt  unchanged,  the  excess  of 
acid  remaining  in  the  mother-liquor.  It  dissolves  abundantly  in  aqueous 
malate  of  soda^  and  does  not  crystallise  out  agun  on  evaporation, 
(Berlin.) 

Malatb  of  Alumina.  —  a,  Bari/c.  —  Sparingly  soluble  in  water. 
(Braconnot.)—  6.  Neutral,  —  Transparent  gum,  whichf reddens  litmus 
slightly,  is  permanent  in  the  air,  and  dissolves  readily  in  water,  forming 
a  solution  which  b  not  precipitated  by  potash  or  ammonia. 

Uranic  Malatb.  — The  impure  salt  has  a  pure  yellow  colour,  and  is 
sparingly  soluble  in  water.  (Bichter.) 

Manganous  Malatb.  —  a.  NeuJtral,  —  Obtained  by  saturating  the 
acid   with  carbonate  of  manganese.      Uncrystallizable,  gummy,  very 
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Boluble.— 6.  Acid.  —  Predpitaied  as  a  white  powder  on  adding  malie  acid 
to  the  eolation  of  a;  from  solution  in  hot  water,  it  separates  in  transparent, 
rose-eolonred  crystals.  Does  not  melt  in  the  fire,  bat  decomposes  with 
intumescence;  dissolves  in  41  pts.  of  cold  water.  (Braconnot.) 

Malate  of  Zinc. —  a.  Bask,  —  Remains  in  the  form  of  a  whitish 
crystalline  residue,  on  dissolving  the  neutral  salt  in  water;  contains  48*11 
p.  c.  oxide.  (Braconnot.)  The  solution  obtained  by  continuous  boiling  of 
the  aqueous  acid  with  carbonate  of  zinc,  solidifies  on  cooling  to  a  tremulous 
jelly,  which  when  diffused  in  water  aud  boiled  for  a  considerable  time,  is 
converted  into  a  sandy  powder.  This  powder  is  not  decomposed  by 
water  at  lOO'',  but  at  200  it  ffives  off  water,  and  is  partially  converted 
into  fumarate  of  zinc;  for  when  the  solution  obtained  by  continuous 
boiling  with  water,  and  then  is  concentrated  to  a  small  balk  with 
addition  of  a  little  nitric  acid,  it  deposits  crystals  of  fumaric  acid. 

(Hagen.) 

Dried  at  200^  Hagen. 

3ZnO 120-6  ....  50-97  49*03 

8  C 480  ....  20-29  21-86 

4H 40  ....  1-69  1-84 

8  O 64-0  ...  27-05  27*27 

ZnO,C*H*ZnH>w 2366     ....  lOO'OO    10000 

Dried  at  100*.  Hagen. 

3ZnO 120-6  ....  44*29  44-.34 

8  C 48-0  ....  17-56  19*22 

8H 80  ....  2-93  2-60 

12  O 96-0  ....  35-22  33-84 

ZnO,C8H<Zn«0»  +  4Aq.      726     ....  100-00     10000 

Hagen  prefers  other  forniulc  which  certainly  agree  better  with  the  analyses :  tis. 
for  the  salt  dried  at  200*:  ZZDO,CfiBK)^  (basic  malate  of  sine)  +ZnO»C<HO>  (i  At. 
fomarate  of  zinc);  and  for  the  salt  dried  at  100^,  the  same  formula  +4  At.  water;  he 
admits  howcTcr  that  no  famaric  acid  can  be  obtained  from  the  latter. 

5.  NeuXral,  —  a.  When  the  aqueous  acid  is  saturated  with  carbonate 
of  zinc  at  a  temperature  below  30°,  the  filtrate  deposite,  after  a  while, 
small  shining  crystals  which  gradually  but  completely  give  off  their  6  At. 
water  at  lOC.  (Hagen.) 

/3.  When,  on  the  other  hand,  the  acid  is  saturated  at  a  high  tempera* 
ture,  and  the  solution  filtered  from  the  salt  a,  which  separates  on  cooling, 
and  further  evaporated,  crystals  are  deposited,  containing  indeed  6  At 
water,  but  having  a  different  form,  and  obstinately  retaining  about  1^  At. 
water  at  100^  (Hagen.)  They  are  short,  hard,  strongly  lustrous  four- 
aided  prisms  (square,  according  to  Lassaigiie^,  perpendicularly  truncated, 
or  bevelled  with  two  faces;  they  redden  litmus.  (Braconnot.)  They 
become  opaque  at  100°,  giving  off  10  per  cent,  of  water,  and  at  120  , 
swell  up  and  crumble  to  a  white  powder,  giving  off  at  the  same  time 
10  p.  c.  more  water.  (Liebig.)  They  dissolve  (leaving  a  small  residue  of 
salt  a)  in  bb  pts.  (67  pts.  at  20°,  according  to  Lassaigne)  of  cold,  and 
10  pts.  of  boiling  water,  from  which  the  salt  does  not  separate  on  cooling. 
(Braconnot.) 

a  dried  at  100*,  or  /3  abwe  lOO"".  Hagen.  Lassaigne. 

2ZnO    60-4     ....     40-93    40*80     40-74 

C«HHy  1160    ....     5907  

C"U«ZnH>»    196-4    ....  10000 
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fi,  drUd  ai  100^.  Hagen.  Liebig.  *  Braoonnot. 

2  ZnO 80-4     ....  37-50  38-32     37'7»     35*50 

8  0 48*0     ....  22-39  2274 

6H 6-0    ....  2-80  2-51 

10  0 80-0    ....  37-31 36-43 

C8H*Zii*0«»  +  2Aq.  ...  214-4     ....  10000    lOO'OO 

Hagen,  In  accordance  with  hb  own  analyati,  sappoaes  this  salt  to  contain  only 

1  or  li  Aq. 

p.  Air-dried  cry$tdU,  Braconnot.        Liebig.  Hagen. 

2  ZnO  80-4     ....     32-11     31-95     32*71     32-17 

C«H<0« 116-0    ....    46-33     46-73 

6  HO   540     ....     21-56     2056 

C8H*Zn«OW+6Aq 250-4     ....  lOO'OO  10000 

e.  Acid,  -^  Obtained  by  sapersaturatinfi;  the  salt  h  with  the  acid,  and 

washing  the  resulting    crystals  with  alccmol.      Elongated   square-based 

octohedronsi  which  swell  up  when  heated,  giving  off  8*33  p.  o.  water, 

and  are  converted  into  a  gum;  they  dissolve  in  23  pts.  of  cold  water. 

(Braconnot.) 

Ankydroui. 

ZnO 40-2    ....     24-33 

CH^O* 1250     ....     75-67 


C8H*ZnOW 

16S 

r2     ....  100*00 

Gum* 

ZnO    40-2    ....     21-94 

(;8H*0»  125-0     ....     68-23 

Braconnot          Hagen. 
...     21-59    ........    21-34 

2  HO 180     ....       9-83 

C8H»ZnO»+2Aq.  183-2     ....  100-00 

Cryttali. 

ZnO    40-2 

C»H»0» 1250 

4  HO 36-0 

•  ■>■ 

•  •«• 

•  •■* 

Braconnot. 
19-98     ....     19-79 
6213 
17-89 

C«H*ZnOW+4Aq 201-2    ....  10000 

Mdlate  of  Zinc  and  ilmmonza.  —  Neutral  malate  of  line  is  partially 
decomposed  by  ammonia,  with  formation  of  a  double  salt.  (Braoonnot) 

Malate  of  Tin.  —  Uncrystallizable;  easily  soluble;  becomes  eome- 
what  moist  on  exposure  to  the  air. 

Malate  of  Lead.  —  a.  Basic  —  Formed  by  digesting  the  neutral 
salt  with  ammonia.  Flocculent  powder  which  does  not  soften  in  boiling 
water.  (Braconnot.)  Dense  and  hard  or  granular  mass,  insoluble  in 
water. 

IT  When  a  solution  of  a  salt  of  either  active  or  inactive  malic'  add 


ii-ow,  v^n-x-u-v/"j>  una    lunnuia  requires  /»'*  p.  c  OXiae  01  lead,  while 

the  salt  prepared  with  the  inactive  acid  gave  79*1,  and  that  prepared 
with  the  active  acid  gave  only  77*4,  and  in  another  case  74*5  p.  c.  (it 
was  probably  contaminated  with  acetate  of  lead).     This  bailie  salt  does 
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not  become  crystalline  by  keeping,  and  does  not  melt  in  boiling  water;  in 
water  acidulated  with  acetic  acid,  it  melts  with  considerable  diminution 
of  volume.  (Pasteur.)  IT 

b.  Neutral.  —  The  cold  aqueous  acid  added  to  neutral  acetate  of  lead, 
throws  down  bulky  flakes  which  in  a  few  hours  aggregate  in  needles. 
(Braconnot,  Vauquelin,  Wbhler.)  [The  precipitate  ^rmed  by  inactive 
malic  acid  is  amurphons  at  first,  ana  takes  a  longer  time  to  become  crys- 
talline than  the  active  acid.  (Pasteur.)]  —  Malic  acid  does  not  precipitate 
nitrate  of  lead  unless  it  contains  lime.  (Qay-Lussac.)  Neutral  malate  of 
potash  throws  down  from  acetate  of  lead  a  mixture  of  neutral  and  basic 
salt.  (Braconnot.)  According  to  Rieckher,  on  the  contrary  {Ann,  Fharm. 
S9,  23),  acid  malate  of  ammonia  added  to  tri basic  acetate  of  lead,  forms, 
with  evolution  of  ammonia,  a  non-crystallizing,  curdy  precipitate,  which 
however  has  the  composition  of  the  neutral  salt;  and  Goupil  found  (Campt. 
rend.  23,  52)  that  the  precipitated  neutral  salt  foims  needles  after  a  few 
hours,  only  when  the  supernatant  liquid  contains  a  little  free  malic, 
acetic,  or  nitric  acid,  and  therefore  not  when  the  acetate  of  lead  has  been 
precipitated  by  a  neutral  malate  of  one  of  the  alkalis. 

From  a  solution  in  hot  water  or  in  the  hot  aqueous  acid,  neutral  malate 
of  lead  always  separates  in  crystals,  which  are  colourless,  litmus-red- 
dening, silky  needles  united  in  tufte,  or  four-sided,  obliquely  truncated 
prisms,  or  silvery  micaceous  laminsB;  when  immersed  in  boiling  water, 
they  melt  to  a  resinous  mass  which  draws  out  into  threads,  and  hardens 
into  a  brittle  mass  on  cooling.  (Braconnot.)  [Inactive  malate  of  lead 
melts  under  boiling  water  like  the  ordinary  active  salt,  and  separates  from 
the  solution,  when  left  to  cool  quietly,  in  the  form  of  an  amorphous  pre- 
cipitate which  slowly  becomes  crystalline.  (Pasteur.)]  —  The  crystals 
give  off  14  p.  c.  (6  At.)  water  when  heated;  the  recently  precipitated 
salt,  which  has  not  yet  become  crystalline,  contains  the  same  quantity  of 
water,  and  may  therefore  pass  into  the  crystalline  state  without  immer- 
sion in  a  watery  liquid.  (Pelouze.)  The  crystals  melt  and  give  off  their 
water  at  lOO*'^  and  the  remaining  anhydrous  salt,  when  further  heated  to 
220°,  is  converted,  with  a<]ditional  loss  of  2  At.  wat^r,  into  fumarate  of 
lead  containing  6933  p.  c.  PbO,  14*94  C,  1*16  H,  and  1 4*57  0.  (Rieckher.) 
At  a  still  higher  temperature,  the  residue  burns  with  intumescence. 
(Braconnot)  The  crystals  dissolve  very  sparingly  in  cold  water,  some- 
what better  in  hot  water  (less  readily  after  passing  into  the  resiuous 
state),  and  separate  out  again  on  cooling.  (Braconnot,  Vauquelin.) 
Boiling  aqueous  acetic  or  malic  acid  does  not  exert  a  much  more 
powerful  solvent  action  on  the  salt  than  water,  and  on  cooling  deposits 
nearly  the  whole  of  it  in  the  crystalline  form.  (Braconnot.) — The  salt 
dissolves  readily  in  nitric  acid.  With  aqueous  ammonia  and  with  a  hot 
aqueous  solution  of  hydrochlorate,  nitrate,  or  succinate  of  ammonia,  it 
forms  a  clear  solution;  with  a  hot  solution  of  6ul[>hate  of  ammonia,  first 
a  clear  and  then  a  turbid  solution,  and  with  carbonate  of  ammonia,  a 
permanently  turbid  solution.  (Wittstein.)  According  to  Rogers,  it  is 
insoluble  in  ammonia.  —  Donovan  supposed  that  the  salt  does  not  dis- 
solve in  water  as  such,  but  in  the  form  of  an  acid  salt,  while  a  basic  salt 
remains  behind.  But,  according  to  Lassaigne,  the  crystals  dissolve  com- 
pletely when  a  sufficient  quantity  of  water  is  present. 

The  compound  of  impure  malic  acid  with  oxide  of  lead  is  white, 
yellow,  or  brown,  dissolves  but  very  sparingly  in  boiling  water,  and  is 
precipitated  therefrom  on  cooling,  not  in  crystals  but  in  flakes:  according 
to  Vauquelin  and  Braconnot,  it  dissolves  readily  in  vinegar. 
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JDHmTo^ISO*.  Liebig.        Pdoiue.        Luck.  Ddberdner. 

2  PbO ~  224     ....     65-88  ....  65  35  ....     6539     ....     65*70     ....     65*1 

8C   48     ....     14-12  ....  14-38  ^..     14-36     ....     14-27     ....     11*4 

4H  4     ....       1-18  ....  1-26  ....       1-26     ....       1-22     ....       I'O 

8  O 64     ....     18-82  ....  19-01  ....     18-99     ....     18-81     ....     225 

C«H*PbK)» 340    ....  100-00    ....  10000    ....  100-00    ....  100-00    ....  1000 

In  the  talt,  probably  dried  at  a  difTerent  temperature,  VanqiieUB  found  67  p.  o.» 
Braoonnot  61-15,  and  Laasajgne  57*39  p.  c  oxide  of  lead. 


Air^dried  eryttaU.  IHria. 

2  PbO  224  ....  56-85  56*66 

8  C  48  ....  12-18  12-20 

10  H 10  ....  2-54  2-49 

14  O 112  ....  28-43  28-65 

0»H*P«0*»  +  6Aq 394     ....  10000     10000 

Or :  Pelovze, 

C8H<PbH>»« 340    ....    86-29    86 

6  HO  54     ....     13-71     14 

C8H<PWK)M  +  6Aq.   394     ....  100-00    100 

The  erystala  of  the  optically  inactiTe  salt  have  the  lame  oompoaition.  (Pastear.) 

Malate  of  Lead  and  Ammonia.  —  Formed  by  decomposing  nentral 
malate  of  lead  with  ammonia.     Soluble,  crystallizable.  (Braconnot.) 

IfalaU  of  Lead  and  Zinc,  —  Precipitated  on  mizinf^  malate  of  lead 
with  the  neutral  acetate.  (Braoonnot.) 

Ferric  Malate.  —  Both  the  nentral  and  the  acid  salt  are  brown, 
ffammy,  permanent  in  the  air,  readily  soluble  in  water  and  alcohol. 
(Scheele,  Braconnot.)  Ferric  salts  mixed  with  malic  acid  are  not  pre- 
cipitated by  alkalis.  (H.  Rose.) 

CupRic  Malate.  — a.  Basic.  —  a.  Witii,  4  At.  Faf^.  —  Remains  in 
the  form  of  a  green  powder  insoluble  in  the  aqueous  acid,  when  carbonate 
of  copper  is  boiled  with  excess  of  malic  acid.  (Liebig.) 

p.  With  b  At,  Water.  —  The  solution  of  hydrated  cupric  oxide  in 
cold  concentrated  malic  acid  deposits,  on  addition  of  alcohol,  a  blue- 
green  salt,  which  redissolves  in  water  and  tippears  to  contain  5  At.  water. 
The  latter  solution  has  an  acid  reaction,  and  deposits  the  salt  a  when 
boiled,  but  the  salt  7  after  standing  for  several  days. 

7.  With  ^At.  Water.  —  When  carbonate  of  copper  is  left  to  stand  in 
the  cold  with  the  aqueous  acid,  a  solution  is  obtained  which  deposits  the 
salt  a  when  boiled,  but  when  evaporated  in  vacuo  or  below  40°  (in  which 
case  a  colourless  mother-liquor  remains,  containing  free  acid),  yields  dark 
green  crystals  of  the  salt  7,  which  turn  blue  when  dried  in  Vacuo  over 
oil  of  vitriol.  (Liebig.) 

a.    dried  over  oil  t^ vitriol.  Liebig. 

SCuO 120     ....  4412  43-83 

8  C 48     ....  17-65  17-90 

8  H    8     ....  2-94  3-06 

12  0 96     ....  35-29  35*21 


CuO,CPH<Cii«0»4  4Aq.     272     ....  100-00    10000 
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y.  Liebig. 

3CuO 120  ....  41-38     41-22 

8  C. 48  ....  16-55 

10  H 10  ....  3-45 

14  0 112  ....  38-62 

CuO,C8H^Cu«OW  +  6Aq 290     ....  10000 

h.  Neutral.  —  When  malic  acid  obtained  from  wormwood  is  heated 
with  oxide  of  copper,  and  the  filtrate  evaporated^  there  remains  a  gummy 
mass,  which,  after  the  excess  of  acid  has  been  removed  bj  alcoho^  forms 
a  dark  green  amorphous  residue,  dissolving  readily  in  water  and  pro- 
ducing a  solution  of  a  fine  green  colour.  (Luck.)  The  neutral  salt  is  a 
green  varnish,  permanent  in  the  air.  (Braconnot.) 

2CuO    80  .... 

8C 48  ..., 

6  H    ....*. 6 

10  0 80  .... 

C8H^Cu«Oi»+2Aq 214     ....  lOO'OO     ....  100-00 

e.  Acid,  —  Cupric  oxide  obtained  by  precipitating  blue  vitriol  with 
potash,  and  dried  at  a  gentle  heat,  forms,  when  set  aside  for  some  time 
with  the  cold  aqueous  acid,  a  blue  solution  which,  when  evaporated 
under  40°,  yields  crystals  of  a  splendid  smalt-blue  colour.  They  give  off 
their  2  At.  water  at  100^  (Hagen.) 


37-38 

•  ••• 

3718 

22-44 

•  ••• 

22-64 

2-80 

■  t«* 

2-67 

37-38 

•  ••• 

37-51 

CuO   

8  C     

DHed  at  IOC". 

40 

48 

....       ^4  a4       ... 

....     2909     ... 
....        t)*U«>     ... 
....     43-64     ... 

Hagen. 

.....      ^A'vO 

29-23 

5  H    

5 

3*03 

9  0 

72 

43-81 

CH'CuOW... 

CuO  

C«H*0«  

2  HO 

165 

Cryitallized. 

40 

125 

18 

....  100-00     .... 

....     21«o6     ... 
....     68-31 

....           9  0«j        ... 

....  100-00 

Hagen. 
21-52 

9-99 

C8H*CuO»+2Aq 183     ....  10000 

According  to  Braconnot,  the  acid  salt  is  not  crystallizable,  and  is  but 
partially  precipitated  by  potash,  a  double  salt  appearing  to  form. — 
According  to  Pfaff  (Schw,  61,  357),  the  compound  of  cupric  oxide  and 
ammonia  forms  an  olive-green  mixture  with  aqueous  malic  acid. 

T.  Cupric  Mcdate  with  Sulphate  of  Ammonia,  —  When  solutions  of 
cupric  sulphate  and  malate  of  ammonia  are  mixed,  any  excess  of  the 
former  that  may  be  present  crystallizes  out  first,  and  afterwards  the 
double  salt,  in  bieautiful  grass-green,  pointed  crystals,  which  do  not  alter 
when  exposed  to  the  air.  (H.  Schulze,  Arch.  Pharm,  [2],  57,  278.)  If. 

Mescurous  Malate.  —  Pure  malic  acid  precipitates  mercurous  nitrate 
in  white  flakes  (Lassaigne);  according  to  Braconnot,  however,  no  such 
precipitation  takes  place.  —  The  impure  acid  throws  down  a  white  powder, 
easily  soluble  in  malic  acid  and  m  the  stronger  acids.  (Scheele,  Bra- 
connot.) The  aqueous  acid  digested  at  15°  with  mercurous  oxide  and 
filtered,  deposits  a  crystalline  powder.     Tiie  same  powder  is  precipitated 

VOL.  X.  Q 
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on  mixing  malate  of  potash  with  dilute  mercurous  nitrate.  It  tastes 
metallic  after  some  time;  assumes  a  grey  colour  when  exposed  in  the 
moist  state  to  the  sun;  contains,  after  drying  at  a  gentle  heat,  75*96  p.  c. 
mercurous  oxide,  but  no  water;  leaves  charcoal  when  ignited;  turns 
black  by  contact  with  alkalis;  is  resolved  by  continued  boiling  with 
water,  into  a  basic  and  a  soluble  acid  salt;  dissolves  in  hot  nitric  acid^ 
but  is  insoluble  in  water^  alcoho]^  or  ether.  (Harff,  N,  Br,  Arch,  5,  281.) 

Mercuric  Malate.  —  Obtained  by-dissolving  mercuric  oxide  in  the 
heated  acid.  Gummy,  not  crystallizable;  resolved  by  water  into  a  soluble 
acid  and  an  insoluble  basic  salt.  (Braconnot.)  —  When  mercuric  oxide  is 
boiled  with  excess  of  concentrated  malic  acid,  small  crystals  of  an  acid 
salt  soluble  in  water  separate  from  the  filtrate;  if,  on  the  other  hand, 
the  oxide  is  in  excess,  the  filtrate  deposits,  together  with  those  crystals^ 
a  yellow  powder  consisting  of  a  basic  salt;  this  basic  salt  is  likewise 
formed,  when  mercuric  nitrate  is  precipitated  by  malate  of  potash,  an 
acid  salt  then  remaining  in  solution.  The  yellow  |>owder  has  a  faint 
metallic  taste;  leaves  charcoal  when  ignited;  yields  a  white  powder  with 
ammonia,  and  a  yellow  oxide  with  potash;  dissolves  in  hydrochloric  or 
nitric  acid,  and  in  2000  pts.  of  water.  (Harff.) 

When  mercurous  malate  is  decomposed  by  ammonia,  a  black  tasteless 
powder  is  formed,  which  contains  88*01  p.  c.  Hg^O;  leaves  charcoal 
when  ignited;  gives  off  ammonia  with  potash;  dissolves  in  nitric  acid, 
leaving  only  a  white  powder,  and  in  strong  acetic  acid,  leaving  nothing 
but  globules  of  mercury,  which  are  likewise  obtained  by  rubbing  the 
moistened  powder.  —  TLe  white  powder  obtained  by  treating  mercuric 
malate  with  ammonia  gives  off  ammonia  with  potash,  and  dissolves 
almost  completely  in  hydrochloric  or  nitric  acid^  whence  potash  then 
throws  down  a  white  powder.  (Harff.) 

Malate  of  Silver.  —  a,  JBasic? — Aqueous  malic  acid  heated  with 
oxide  of  silver,  acquires  a  brownish  colour,  produces  carbonic  and  acetic 
acid,  and  is  then  decolorized,  with  deposition  of  brown-black  flakes, 
consisting  of  a  compound  of  silver-oxide  with  decomposed  malic  acid, 
while  the  filtrate  yields  by  evaporation  an  amorphous  gum.  (Braconnot.) 
This  salt  was  regarded  by  Braconnot  as  the  neutral^  and  b  as  the  acid  salt,  which 
however  is  not  the  case. 

b,  NeiUraL  —  Only  the  impure  acid  forms  a  precipitate  with  nitrate 
of  silver;  the  pure  acid  does  not.  (Scheele,  Gay-Lussac,  Braconnot.)  — 
1.  From  the  solution  of  salt  a,  malic  acid  precipitates  the  salt  b  in 
granules.  (Braconnot.) — 2.  Alkaline  malates  added  to  nitrate  of  silver 
throw  down  the  salt  b  in  the  form  of  a  snow-white,  granular,  crystalline 
powder.  When  acid  malate  of  ammonia  is  used  for  this  purpose,  only 
half  the  salt  is  precipitated,  the  other  half  not  separating  till  the 
solution  is  mixed  with  ammonia.  (Liebig.)  —  3.  With  a  warm  dilute 
solution  of  malate  of  lime,  nitrate  of  silver  forms  a  precipitate  containin 
lime,  which  however  when  dissolved,  after  washing,  in  very  dilute  nitric 
acid,  and  not  completely  precipitated  by  ammonia,  so  that  the  liquid 
remains  acid,  appears  to  be  free  from  lime  and  from  ammonia.  (Liebig 
&  Kedtenbacher,  Ann,  Pliarm,  38,  134.)  — White,  granular,  crystalline 
powder,  of  sp.  gr.  40016  at  15°.  (Liebig  k  Kedtenbacher.)  —  Blackens 
quickly  when  exposed  to  light.  (Luck.)  Turns  yellow  when  dried  at  a 
strong  heat  (Liebig);  and  at  a  still  higher  temperature  melts  with  slight 


MALIC  ACID.  22.7 

frothing  (BraconDot,  Liebig);  gives  ofif  water,  carbonic  acid,  carbonic 
oxide,  and  fumaric  acid,  with  empyreumatic  odour,  and  leaves  62*009  p.  c. 
silver  free  from  carbon,  in  the  form  of  a  porous  cake.  (Liebig  &  Redten- 
bacher.)  It  dissolves  in  boiling  water,  separating  ont  with  facility  on 
cooling  (Braconnot);  it  dissolves  readily  in  boiling  water,  but  does  not 
yield  crystals  on  cooling,  merely  depositing  metallic  silver,  while  the 
liquid  turns  black.  (Liebig.)  It  dissolves  slowly  in  boiling  water^ 
readily  in  acids,  the  portion  which  does  not  dissolve  immediately  becom- 
ing dark-coloured  for  a  moment.  •  (Luck.) 

Dried  at  IWf,  Liebig.  Hitch.              Lack. 

8  0    48  ....  13-79  13-88     13-47  13-84 

4H   4  ....  1-15  1-17     1-36  1-18 

2  k% 216  ....  62-07  62-01     6093  61*70 

10  O    80  ....  22-99  22-94     2424  2328 

C8H*Ag»0"» 348     ....  10000     100-00     100-00     10000 

Illscb  {Ann,  Phafm,  51,  246),  analysed  the  salt  prepared  with  acid  obtained  from 
potatoes;  Luck,  diat  which  was  prepared  with  acid  from  wormwood. 

Malic  acid  dissolves  readily  in  Alcohol, 

In  attemptiDg  to  prepare  MtUie  ether,  Uagen  obtained  fumaric  ether  (p.  31). 
—  Th^nard  {Mkm.  de  la  Soc.  d^Arcueil,  2,12),  by  beating  16  pta.  of  malic  add  witii 
1 8  pts.  alcohol  and  5  pta.  oil  of  vitriol,  till  ether  began  to  escape,  and  mixing  the 
brown  residue  with  water,  obtained  a  yellowish,  inodorous,  non-volatile  oil,  which  aaok  to 
the  bottom  of  the  liquid,  was  decomposed  by  potash  with  formation  of  malate  of  potash, 
dissolved  sparingly  in  water  and  abundantly  in  alcohol,  and  was  precipitated  therefrom 
by  water.  [Deserves  further  investigation.] 

%.  According  to  Demondesir  {Compt  rend.  33,  22?)  the  malcUes  of 
ethyl  and  methyl  are  obtained  by  passing  hydrochloric  acid  gas  into  a 
solution  of  malic  acid  in  alcohol  or  wood-spirit,  neutralizing  with  carbo- 
nate of  soda,  and  agitating  the  liqnid  with  common  ether,  which  then 
t^kes  up  the  compound  ether  and  leaves  it  behind  when  distilled.  The 
malate  of  ethyl  or  methyl  thus  obtained  still  contains  water  and  alcohol 
or  wood-spirit,  which  may  be  removed  by  evaporation  in  vacuo,  or  at  a 
gentle  heat  in  the  air,  and  certain  salts,  from  which  it  may  be  freed  by 
dissolving  it  in  very  pure  vinio  ether.  —  The  malates  of  ethyl  and  methyl 
are  liquids,  which  are  soluble  in  water,  almost  completely  decomposed 
by  distillation,  and  converted  into  nialamide  by  ammonia.  They  rotate 
the  plane  of  polarization  of  a  ray  of  light. 

Malomethylic  and  Malovinic  acid  are  always  formed  by  the  above 
process  simultaneously  with  the  ethers.  The  lime-salts  of  these  acids 
are  soluble  in  alcohol.  ^. 


Appendix  to  Malic  Acid. 
Acids  perhaps  identical  with  Malic  Acid. 

1.  Fungic  Acid. 

Bkaconnot.  (1810.)    Ann.  Chim,  79,  293;  87,  242. 

Pilzt&ure,Aeidefonffique,  —  Occ}m  in  Feziza  nigra,  Hydnum  hyhridum 
and  repandum,  Boletus  JuglandU  and  pseudoigniarlus,  Fhailus  impu- 
dicus  and  MeruHus  Cantharellus  (Braconnot);  in  Helvella  Miira. 
(Schrader.) 
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Preparation.  Bolettis  Juglandis  is  bruised  and  expressed  with  water; 
the  liquid  evaporated  to  the  consistence  of  an  extract,  coagulated  albumin 
then  separating;  and  the  residue  washed  with  alcohol.  The  portion 
insoluble  in  alcohol,  which  contains  the  fungate  of  potash,  is  dissolved  in 
water  and  precipitated  with  neutral  acetate  of  lead.  Bj  digesting  the 
precipitate  with  dilute  sulphuric  acid,  a  brown  liquid  is  obtained,  con- 
taining  fungio  acid,  phosphoric  acid,  animal  matter,  &c.  This  liquid 
mixed  with  ammonia,  yields  by  evaporation  crystals  of  fungate  of  am- 
monia, which,  by  repeated  crjrstallization  and  pressure  between  blotting 
paper,  may  be  obtained  tolerably  white.  —  The  solution  of  the  crystals 
thus  purified  is  added  to  acetate  of  lead,  and  the  pure  fungate  of  lead 
thus  precipitated  is  decomposed  by  dilute  sulphuric  acid. 

Colourless,  uncrystallizable,  very  acid  liquid^  which  absorbs  water 
from  the  air. 

Fungate  of  Ammonia,  —  Rather  acid,  large,  six-sided  prisms,  some- 
times compressed,  bevelled  with  2-face8  resting  on  the  broad  lateral 
faces  {Fiff,  55);  they  dissolve  in  2  pts.  of  cold  water. 

Fungatea  of  Potash  and  Soda.  —  Uncrystallizable  salts  easily  soluble 
in  water,  insoluble  in  alcohol. 

Fungate  of  Baryta.  —  Saline,  amorphous  crusts,  which  swell  up  in 
the  fire,  leaving  a  spongy  mass  of  carbonate  of  baryta;  the  salt  dissolves 
in  15  pts.  of  cold  water. 

Fungate  of  Lime.  —  Funeate  of  potash  does  not  precipitate  hydro- 
chlorate  of  lime.  When  a  solution  of  lime  in  the  acid  is  evaporated,  the 
salt  is  deposited  in  plates,  composed  of  small  crystals  which  appear  to  be 
foursidea  prisms  with  dihedral  summits.  Tastes  somewhat  saline;  is 
permanent  in  the  air.  Swells  up  in  the  fire,  leaving  a  spongy  mass  of 
carbonate  of  lime.     Requires  at  least  80  pts.  of  water  to  dissolve  it. 

Fungate  of  Magnesia.  —  Qranular  crystals,  having  a  sliebt  taste, 
swelling  up  slightly  in  the  fire,  and  dissolving  with  tolerable  facility  in 
water.  *  - 

Fungate  of  A  lumina.  —  Uncrystallizable  gum.  , 

Manganous  Fungate.  •—  Uncrystallizable  gum. 

Fungate  of  Zinc,  —  Crystallizes  readily  in  parallelopipeds;  decomposes 
in  the  fire  with  intumescence;  moderately  soluble  in  water. 

Fungate  of  Lead.  —  The  free  acid  and  fun^te  of  potash  precipitate 
acetate  of  lead  in  the  form  of  homsilver.  The  precipitate  dissolves 
pretty  readily  in  acetic  acid. 

Fungate  of  Silver.  —  Nitrate  of  silver  is  not  precipitated  by  free 
fungic  acid,  but  only  by  the  alkaline  fungates. 

Ferrous  and  Cupric  sulphates  are  not  precipitated  by  fungic  acid. 
(Braconnot.) 
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2.  Igasaric  Acid. 

Pelletier  6c  Cavbntou.  (1819.)    Ann.  Chim.  Fhys.  10,  167;  26,  54. 

IgoMundurey  Acide  ifftuunque.,  —  In  Faha  St,  Ignatiij  Nux  vonUea,  and 
Li^um  colvbrxnum;  probably  also  in  the  TieuJU-  Upas, 

TreparcUion.  Ignatius  beans  ezbansted  with  ether  are  repeatedly 
boiled  with  alcohol,  the  alcoholic  solution  evaporated,  the  residue  boiled 
with  water  and  magnesia,  and  filtered.  The  mixture  on  the  filter  con- 
sisting of  magnesia,  igasnrate  of  magnesia,  and  strychnine,  is  washed 
with  cold  water,  then  freed  from  strychnine  with  hot  alcohol,  and  boiled 
with  a  large  quantity  of  water.  The  water  dissolves  out  the  igasurate 
of  magnesia;  and  the  solution  filtered,  evaporated,  and  mixed  with 
neutral  acetate  of  lead,  yields  a  precipitate  of  igasurate  of  lead,  which 
IS  washed,  suspended  in  water,  and  decomposed  by  sulphuretted 
hydrogen. 

JProperties,  Brownish  syrup,  which  when  left  at  rest,  deposits  small 
hard  grains;  its  taste  is  harsh  and  sour. 

Combinations,    Dissolves  very  readily  in  water  and  in  alcohol. 

With  alkalis  it  forms  salts  which  dissolve  readily  in  water  and 
alcohol.  —  Igasurate  of  baryta  crystallizes  with  difficulty  in  little  spongy 
masses,  and  dissolves  readily  in  water.  —  Igasurate  of  ammonia  does  not 
precipitate  or  colour  the  salts  of  iron,  mercury,  or  silver;  in  solutions  of 
cupric  salts,  it  forms  a  greenish  white  precipitate,  very  sparingly  solnble 
in  water. 

Carriol  (J,  Pharm,  19,  155;  abstr.  Ann.  Fharm.  8,  45),  obtained 
fromiVtM?  vomica,  an  acid  difiTerent  from  igaeuric  acid,  the  aqueous  solution 
of  which  left  a  syrup  when  evaporated  in  vacuo,  and  when  further  heated 
above  100°,  passed  over  apparently  undecomposed,  in  the  form  of  a 
crystalline  sublimate  or  buttery  mass.  It  dissolves  readily  in  water, 
boiling  alcohol,  and  ether,  from  which  it  crystallizes.  Its  salts  are 
mostly  crystallizable  and  easily  soluble. 


3.   Nicotic  Acid. 

Barral.  (1845.)     Compt.  rend.  21,  137. 

Tahaksdure,  Acide  nicotigue.  —  Dry  tobacco-leaves    are    digested   with 
water;  the  acid  filtrate  precipitated  with  acetate  of  lead;  the  precipitate 
washed,  suspended  in  water,  and  decomposed  by  sulphuretted  nydrogen; 
-.^^    and  the  filtrate  evaporated  to  a  syrup,  which,  when  further  evaporated, 
''^ither  in  vacuo  or  at  a  gentle  heat  in  the  air,  yields  the  crystalline  acid. 
^     Micaceous  laminoc. 
\  The  acid  is  bibasic  =  2H0,  C«H*0«  =  CH'O^  =  C«H*0«,  0«;  it  stands 
to  propionic  acid  in  the  same  relation  as  oxalic  to  acetic  acid.     C^H^O^  : 
C«H«0*  =  C^HW  :  C*H*0*. 

By  dry  distillation,  aud  by  treatment  with  oil  of  vitriol,  the  acid   is 
resolved  into  acetic  and  carbonic  acid.    C'HV  =  C*H*0*  -f  2C0». 
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It  dissolves  readily  in  Water,  and  forms  crystallizable  salts  with 
Ammonia,  Potash,  &c.  —  the  Lead-saU  is  insoluble  =  2PbO,  C«H*0«  = 
C«H*Pb*0®  =  C«H*Pb*0',  0\     The  Silver-saU  has  a  similar  composition. 

(Barral.) 

Barral*s  formnlsd  are  not  supported  by  analyses. 

Vauquelin^  Goupil  (Oompt  rend.  23,  51),  and  Reimann^  {Mag.Fharm, 
25,  2,  65),  recognized  tne  acid  of  tobacco  as  malic  acid. 


b.    Amidogenruuclei, 
a.    Amidogen^nueleua  C^AdH*0*. 

Aspartic  Acid. 

C«NH^O*=C«AdH»0*,0*. 

Plisson.    J.  Pharm,  13,  477;  also  Ann,  Chim^Phys.  35, 175.     J.  Pharm, 

15,  268;  also  Ann.  Chim,  Pkys,  40,  303;  also  Schw.  5Q,  66;  also 

Br.  Arch.  31,  208;  also  N,  Tr.  19,  1,  185. 
Pltsbon  &  0.  Henrt.     Ann,  Ckim.  Phys,  45,  315. 
BouTRON,  Charlard  &  Pelouzb.     J.  Pharm.  19,  208;  also  Ann,  Chim» 

Phys.  52,  90;  also  Schw.  67,  898;  also  Ann,  Pharm.  6,  75. 
LiEBio.     Pogg.  31,  222.  —  Ann.  Pharm,  26, 125,  and  161. 
PiRiA.     Ann,  Chim,  Phys.  22,  160;  also  J.  pr,  Chem.  44,  71. 
Desbaignes.    Pev.  sclent,  [4],  1, 22;  Ann.  Pharm.  83^  83;  abstr*  Jahre^er. 

1852,  466. 
Pasteur.     Actiye  and  inactive  modifications  of  Aspartic  acid.     N.  Ann. 

Chim,  Phys.  34^  30;   in  fnll  abstract:    Ann.  Pharm.   82,  324;  in 

shorter  abstract:  Gompt.  rend,  33,  217;  iTistU.  1851,  273;  J,  Phys. 

Ansl.  3,  344;  J.  pr,  Chem.  54,  50;  Ann.  Pharm,  80,  151;  Pharm. 

Centr.  1851,  769;  Jahresber.  1851,  176,  389. 

Atparags'dure,  Atparagint'dure,  Acide  aspariiguef  Acide  asparamique.  Discovered 
by  Pliflson,  in  1827. 

Form^ation.  1.  By  heating  asparagine  with  acids  or  with  the  stronger 
salifiable  bases  and  water.  (Plisson.)  —  IT  According  to  Dessaignes, 
asparagine  heated  alone  to  200°,  as  long  as  any  ammoniacal  odour  is 
evolved,  leaves  a  brown^  slightly  soluble  substance,  which,  when  treated 
with  hydrochloric  acid,  yields  aspartic  acid.  —  2.  By  the  fermentation  of 
asparagine  under  the  influence  of  casein.  (Dessaignes.)  —  3.  By  heating 
acid  malate,  maleate  or  fumarate  of  ammonia  to  about  200°,  and  treating 
the  product  with  hydrochloric  acid.  (Dessaignes.)  —  The  aspartic  acid 
prepared  in  this  manner  is  optically  inactive,  whereas  that  which  is 
formed  from  asparagine  rotates  the  plane  of  polarization  of  a  luminous 
ray.  (Pasteur.)  % 

Preparation,  A.  Of  the  Active  axnd. —  1.  Asparagine  is  boiled  with 
protoxide  of  lead,  and  with  water  which  must  be  frequently  renewed,  as 
long  as  ammonia  continues  to  escape;  the  residual  lead-salt  purified  by 
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boiling  with  water  and  alcohol^  and  decomposed  by  sulphuretted  hydrogen, 
after  diffusion  in  water;  and  the  filtrate  evaporated  to  the  crystallizing 
point.  (Plisson.) — 2.  Asparagine  is  boiled  with  baryta-water  till  the 
evolution  of  ammonia  entirely  ceases;  the  baryta  precipitated  from  the 
still  hot  liquid  by  an  c^^actly  equivalent  quantity  of  sulphuric  acid;  and 
the  filtrate  evaporated  to  the  crystallizing  point.  (Boutron  &  Pelouze.)  — 
3.  Asparagine  is  boiled  in  a  similar  manner  with  potash;  the  liquid 
supersaturated  with  hydrochloric  acid,  and  evaporated  to  dryness  in  the 
water-bath;  and  the  chloride  of  potassium  extracted  by  water,  which 
then  leaves  the  acid  perfectly  free  from  potash.  (Liebig.)  —  ^4.  Aspara- 
gine is  boiled  for  three  hours  with  excess  of  hydrochloric  acid;  the  solu- 
tion evaporated  to  dryness;  and  the  residue,  consisting  of  chloride  of 
ammonium  and  hydrochlorate  of  aspartic  acid,  dissolved  in  a  small 
quantity  of  water  and  half  neutralized  with  ammonia.  The  liquid  on 
cooling  deposits  abundance  of  aspartic  acid,  which  is  easily  washed  and 
purified.  (Dessaignes.) 

JB,  Of  the  InacUve  acid.  —  When  bimalate  of  ammonia  is  heated  to 
200°,  and  the  reddish,  resinous  residue  boiled  for  some  hours  with  hydro- 
chloric acid,  a  solution  is  obtained,  which,  by  evaporation  and  cooling, 
yields  a  crystalline  hydrochlorate  of  aspartic  acid.  This  compound  is 
dissolved  in  hot  water,  the  solution  divided  into  two  equal  parts,  the  one 
saturated  with  ammonia,  and  the  other  added  to  it.  The  mixture  thus 
formed  yields  on  cooling  an  abundant  crystallization  of  inactive  iispartic 
acid.  (Dessaignes.)  Or,  the  residue  obtained  by  heating  the  bimalate  of 
ammonia  may  be  boiled  with  nitric  acid,  and  from  the  crystalline  nitrate 
of  aspartic  acid, — which  is  deposited  from  the  cooled  solution  after  the 
excess  of  nitric  acid  has  been  carefully  expelled  over  the  water-bath, — 
the  aspartic  acid  may  be  obtained  as  above;  or  the  solution  of  the  nitrate 
may  be  neutralized  with  lime,  the  aspartate  of  lime  precipitated  by 
alcohol,  and  the  solution  of  this  salt  carefully  decomposed  by  oxalic  acid. 
(J.  Wolff,  Ann.  JPharm.  75,  293.)  f 

Properties.  White  shining  crystalline  powder,  which,  under  the 
microscope,  appears  to  consist  of  transparent,  bevelled,  four-sided  prisms; 
sp.  gr.  =  1-873  at  8*5°  (Plisson);  small  crystals  having  a  pearly  and  silky 
lustre.  (Boutron  &  Pelouze.)  Inodorous;  tastes  rather  sour,  leaving  an 
after-taste  like  broth.  (Plisson.)  The  crystals  do  not  give  off  water  at 
120°.  (Boutron  &  Pelouze;  Liebig.) 


forms 

rally  the  appearance  of  rectangular 
Sp.  gr.  1-6613  at  12-5°.  The  acid  dissolved  in  potash,  soda,  or  am- 
monia turns  the  plane  of  polarization  to  the  left;  but  when  dissolved  in 
the  stronger  acias,  to  the  right.  The  inactive  acid  forms  very  small 
monoclinometrio  [oblique  prismatic]  crystals,  which  often  have  a  lenti- 
cular shape.  Sp.  gr.  1-6632.  The  solutions  have  no  action  on  polarized 
light.  IT. 

CryiiaU*  Piria.  Liebig.     PI.  &  Henry. 

8  C /. 48     ....     36-09     35-99     36-77     37*73 

N  ...     14     ....     10'53     10-78     10-37     1201 

7H 7     ....       5-26     5-47     5-33     537 

8  0  64        .     48-12     47-76     47-53     44-R6 

C^Nli^O* 133     ....  100-00     100-00     10000     100*00 
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Crystals. 
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10-3 

7 
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5-50     .... 

....       5-2     

5-3 

64 

....     4812     . 

44-46     .... 

••••                               ••••■ • •• 

48*2 

C8NH708 133    ....  10000    100-00    100*0 

Aspartic  add  is  the  amidogen-acid  of  malic  acid,  j  oat  as  ozamic  acid  (C^NH'O') 
is  the  amidogen-acid  of  oxalic  acid  (C'*H^O").     (Piria.) 

Decompositions,  1.  The  acid  swells  up  considerably  in  tbe  fire,  giving 
off  ammonia  and  a  faint  animal  empyreumatic  odour.  When  heated  iu 
vacuo,  it  turns  first  yellow,  then  black,  giving  off  ammonia,  hydrocyanio 
acid  and  other  products,  and  leaves  a  shining  charcoal.  .(Plisson.)  — 
2.  When  dissolved  in  cold  nitric  acid  containing  nitrous  acid,  or  in  pure 
nitric  acid  through  which  nitric  oxide  gas  is  passed,  it  is  quickly  converted, 
with  evolution  of  nitrogen,  into  malic  acid,  whereas  pure  nitric  acid  has 
no  action  upon  it.  (Piria.) 

C^NHW  +  N0»  »  C«H«0«'  +  N»  +  HO. 

Aspartic  acid  evaporated  to  dryness  with  12  pts.  of  nitric  acid, 
cither  remains  unaltered  or  suffers  but  partial  decomposition.  (Plisson.) 
—  3.  When  heated  with  oil  of  vitriol,  it  is  decomposed  with  formation 
of  sulphurous  acid.  (Plisson.)  —  It  is  not  decomposed  by  continued 
boiling  with  strong  hydrochloric  or  dilute  sulphuric  acid.  (Piria.)  — 
When  fused  with  excess  of  hydrate  of  potash,  it  is  not  decomposed  till 
the  heat  becomes  strong,  acetate  and  oxalate  of  potash  being  then  formed^ 
with  evolution  of  ammonia  and  hydrogen  gas.  (Piria.) 

Combinations,  A.  With  Water. — Aspartic  acid  dissolves  in  128  pts.  of 
water  at  8*5°,  much  more  copiously  in  not  water,  from  which  it  crystal- 
lizes on  cooling.  (Plisson.)  —  IT  1  pt.  of  the  active  acid  dissolves  in  364  pts. . 
of  water  at  11  ,  and  Ipt.  of  the  inactive  acid  in  208  pts.  of  water  at  13'5^ 
When  a  solution  saturated  while  hot  is  left  to  crystallize  by  cooling, 
the  liquid  remains  supersaturated  with  the  acid.  (Pasteur.)  IT. 

B.  With  Acids. — Sulphate  of  Aspartic  add.  —  Aspartic  acid  dis- 
solves without  decomposition  in  cold  oil  of  vitriol.  (Plisson.)  —  f .  When 
oil  of  vitriol  is  graduallv  heated  to  50''  or  60"^  in  a  wide  ghiss  tube, 
aspartic  acid  gradually  added  as  long  as  it  dissolves,  and  the  tube  kept 
closed  for  a  few  days,  large  aggregated  prisms  of  sulphate  of  aspartic 
acid  are  formed,  which  are  lighter  than  the  liquid  from  which  they  sepa- 
rate; they  must  be  drained  on  a  porous  plate,  quickly  washea  with 
alcohol,  and  dried  over  oil  of  vitriol.  (Dessaignes.) 

Oessairnes. 

C8NH708    133    ...     67-58     

2  SO*H 98     ....    42-42     42-82 

C»NH708,2SO*H  231     ....  100-00 

Hydrochhrate.  —  The  solubility  of  aspartic  acid  in  water  is  greatly 
increased  by  the  presence  of  hydrochloric  acid.  (Plisson.)  The  solution 
of  aspartic  acid  in  strong  hydrochloric  acid,  yields,  by  evaporation 
and  cooling,  deliquescent,  very  soluble  laminae,  and  leaves,  when  evapo- 
rated to  dryness  and  further  heated  to  100°,  an  amorphous  deliquescent 
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residue  still  containiog  bydrochloric  acid;  if,  however,  the  hydrochloric 
acid  be  removed  from  the  solution  by  marble,  the  aspartic  acid  loses 
this  easy  solubility.  (Piria.) 

f.  Both  active  and  inactive  aspartic  acid  give,  by  solution  in  bydro- 
chloric acid,  evaporation  over  the  water- bath,  and  spontaneous  evapo- 
ration of  the  concentrated  solution  in  a  quiet  place,  crystalline  com- 
pounds of  aspartic  with  hydrochloric  acid.  These  hydrochlorates  are 
very  soluble.  They  are  identical  in  composition,  but  differ  in  crystalline 
form.  The  hydrochlorate  formed  from  active  aspartic  acid,  alone  possesses 
the  rotatory  power. 

a.  Active  HydrocJdorate.  The  crystals  of  this  compound  belong  to  the 
rhombic  [right  prismatic]  system;  they  are  prisms  of  about  9(r,  very 
much  truncated  on  two  opposite  lateral  edges,  and  terminated  by  faces 
inclined  at  tfn  angle  of  about  115°,  and  belonging  to  an  irregular  tetra- 
hedron. The  compound  rotates  the  plane  of  polarization  to  the  right. 
It  decomposes  when  dissolved  in  water,  yielding  a  copious  precipitate  of 
aspartic  acid;  this  decomposition  may  be  prevented  by  the  addition  of  a 
few  drops  of  hydrochloric  acid.  The  crystals  deliquesce  in  the  air,  set- 
ting free  the  aspartic  acid. 

p.  Inactive  Hydrochlarate,  —  The  crystals  belong  to  the  monocline - 
metric  [oblique  prismatic]  system,  and  differ  altogether  in  appearance 
from  those  of  the  active  compound.  They  are  permanent  in  the  air 
only  in  summer,  becoming  milk-white  on  the  surface,  and  losing  their 
lustre  and  transparency.  They  decompose  when  dissolved  in  water, 
but  as  the  inactive  acid  is  more  soluble  than  the  active,  no  precipitation 
takes  place;  if,  on  the  other  hand,  a  mixture  of  water  and  alcohol  be 
used,  an  abundant  precipitation  is  formed.  (Pasteur,  Dessaignes.) 

Crysialltzed.  ^^^^^        maeiive. 

8C  48-0  ....  28-34 

N  14-0  ....  8-27 

8  H  8*0  ....  4-72 

8  0  64-0  ....  37-77 

CI  35-4  ...  20-90     20-9     ....     20"7 

C«NH70«,HCl  169-4    ....  10000 

Or .  Dessaignes 

^ '  {active,) 

C^NHW    1330     ....     78-47 

HCl 36-4     ....     21-53     21-24 

C«NH70«,HCl    169-4    ....  10000 

Both  the  active  and  inactive  hydrochlorates  are  decomposed  at  the 
same  temperature,  giving  off  hydrochloric  acid  and  water,  and  leaving 
the  compound  C»NH*0*  (p.  214)  (Pasteur) : 

C8NH708,HC1  -  C8NH<0»  +  HCl  +  3H0. 

Nitrate.  Obtained  like  the  hydrochlorate  in  beautiful  cryst<ak. 
(Dessaignes.)  ^. 

O.  With  Salifiahle  Bases.  Aspartic  acid  decomposes  the  alkaline 
bicarbonates  and  soap-water;  it  does  not  precipitate  any  of  the  heavy 
metallic  salts.  The  aspartates  of  the  alkalis  taste  like  broth;  when 
ignited,  they  give  off  ammonia,  hydrocyanic  acid,  and  other  products. 


234     PRIMARY  NUCLEUS  OTIW;  AMIDOGEN-NUCLEUS  C«AdH«0^. 

and  leave  metallic  cjranides.  (Plisson.)  The  fonnula  of  the  aspartates 
is  C®NH«MO«.  (Laurent,  Ann.  Chim.  Pkys.  23,  113.)  IT.  The  acid  like- 
wise forms  basic  salts,  some  having  the  composition  C^NH^M^O^  others 
on  the  contrary,  being  composed  according  to  the  formula  MO,C®NH*MO®. 
(Dessaignes,  Fasteur.) 

Although  the  formation  of  those  basic  aspartates  whose  formola  is  C^H^IVPO' 
(«.  g,,  the  baryta  and  lime-salts)  is  certainly  attended  with  elimination  of  2  At.  water, 
Dessaignes  nevertheless  regards  the  acid  as  monobasic,  and  remarks  that  perfectly 
neutral  amides, — which  cannot  well  be  regarded  as  monobasic  acids — e.  g.,  benzamide, 
butyramide,  urea,  are  capable  of  combining  with  metallic  oxides,  with  elimination  of 
1  At.  water.  —  Pasteur  does  not  express  a  decided  opinion  regarding  the  basicity  of 
aspartic  acid.  He  states  however  that  aspartic  acid  cannot  be  regarded  as  the  amidogeu- 
acid  of  malic  acid,  or  aspara^in  as  the  amide  of  that  acid,  founding  this  opinion  on 
certain  unpublished  investigations  of  Demondesir.  —  On  the  other  hand,  Demondesir 
had  previously  stated  {Ann,  Pharm.  80,  303,)  that  the  artificially  prepared  amide  of 
malic  add  does  not  appear  to  differ  from  asparagin.  f 

AsPARTATB  OF  Ammonia. — Crystallizes  with  difficultj,  dissolves  very 
readily  in  water,  forming  a  solution  which  becomes  acid  by  evaporation. 
(Plisson  k  Henry.) 

Aspartate  of  Potash. — Does  not  crystallize;  tastes  sweetish,  and 
like  broth;  becomes  moist  when  exposed  to  the  air.  (Plisson.)  Its 
formula  is  C^NH'KO^  (Laurent.)  A  solution  of  this  salt  evaporated  to 
a  syrup,  yields  crystals  after  a  while,  but  they  cannot  be  separated  from 
the  mother-liquor.  (Dessaignes.) 

Aspartate  of  Soda.  —  Crystallizes  readily;  tastes  like  broth,  and 
somewhat  saline.  (Plisson.) 

H.  When  active  or  inactiye  aspartic  acid  is  neutralized  with  soda,  or 
carbonate  of  soda,  and  the  liquid  slowly  evaporated,  neutral  salts  are 
formed,  identical  in  composition  and  chemical  reactions,  but  differing 
in  crystalline  form. 

a.  Active,  ^^Yorrn^  needle-shaped,  deeply  striated  prisms,  belonging 
to  the  right  prismatic  system,  and  terminated  by  faces  of  a  tetrahedron 
inclined  to  one  another  at  about  106^  The  four  faces  of  this  tetrahedron 
are  either  present  alone,  or  are  much  more  developed  than  those  of  the 
opposite  tetrahedron,  which,  if  equally  developed  with  the  former,  would 
constitute  a  rhombic  pyramid.  1  pt.  of  the  active  acid  dissolves  in  1*12 
pts.  water  at  12*2^.  The  solution  turns  the  plane  of  polarization  to  the 
left.  (Pasteur.)  The  salt  gives  off  2  At.  water  at  160°.  At  170°  it  turns 
yellow,  and  gives  off  ammonia,  and  at  a  higher  temperature  froths  up 
considerably.  (Dessaignes.) 

/3.  Inactive,  Crystallizes  in  the  oblique  prismatic  system,  and  often 
forms  macle-crystals.   1  pt.  of  the  salt  dissolves  in  1*  ]  9  pts.  water  at  12*5^ 

CryitaU,  Dessaignes 

active, 

C8NHW 71-70 

NaO  17-90     17-44 

2  HO 10-40     9-64 

C8NH«Na08  +  2Aq 100-00 

The  mixture  formed  by  adding  1  At.  soda  to  1  At.  of  this  salt  does  not  crystallize 
even  when  left  ander  a  bell -jar  with  lime  ;  a  mixture  of  the  solutions  of  1  At.  aspartate 
of  poinsh  and  1  At.  aspartate  of  soda  yields  by  evaporation  nothing  but  aspartate  of 
soda.  ^ 
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Aspartate  op  Baryta  Very  small,  white,  opaque  crystals,  tasting 
like  broth  and  not  bitter;  they  contain  36*8  p.  c.  baryta.  (Plisson.) 
Crystals  soluble  in  water.  (Boutron  &  Pelouze.) 

IT.  Aspartic  acid  forms  with  baryta  a  monobasic  and  a  bibasic  salt.  — 
a.  Bihasic.  —  When  hydrate  of  baryta  is  gradually  added  to  a  hot  and 
somewhat  concentrated  solution  of  the  neutral  salt  5,  the  liouid  solidifies 
in  a  crystalline  mass;  and  on  adding  water  to  this  mass,  leaying  it  to 
stand  for  a  moment,  then  filtering,  and  leaving  the  solution  to  cool  out  of 
contact  of  air,  the  basic  salt  is  deposited  in  rather  thick,  shining  prisms. 
These  crystals  remain  transparent  when  rapidly  washed  and  dried  over 
sulphuric  acid,  give  ofif  half  their  water  (3  At.),  and  become  opaque  when 
dried  in  vacuo,  and  the  whole  of  it, -amounting  to  16*40  p.  c.  (6  At.) 
at  160°  without  decomposition.  The  aqueous  solution  of  this  salt  has  a 
strong  alkaline  reaction;  carbonic  acid  gas  passed  through  it,  precipitates 
half  uie  baryta  in  the  form  of  carbonate.  (Dessaignes.) 

Dried  at  160''.  Dessaignes. 

(?NH^O«   115-0     ....     42-45 

2  BaO  153-2     ...     57-55     67*05 

C8NH«Ba20»    268-2     ....  10000 

Dried  in  vacuo,  Dessaignes. 

C8NH*0«  1150  ....  38-96 

2  BaO  153-2  ....  51-90     51*42 

3  HO    270  ....       914 

C»NH«BftH)»  +  3Aq.        295-2     ....  100-00 

CryitdU,  Dessaignes. 

C8NH»0«, 115-0  ....  45-74 

2  BaO  153-2  ....  4748  47-53 

6  HO    54-0  ....  16-78  1640 

C«NH*Ba208+6Aq.        3222     ....  10000 

b.  Monobasic,  Crystallizes  in  very  fine  silky  needles,  which  give  ofi* 
14-40  p.  c.  (nearly  4  At.)  water  at  160°.  (Dessaignes.) 

Dried  at  160°.  Dessaignes. 

C^NH^O^    124-0     ....     61-88 

BaO    76-6     ....     38-12     38*05 

CNH8BaO«  200-6     ....  100-00 

Crystals.  Dessaignes. 

C^NH^O?    1240  ....  52-41 

BaO    76*6  ....  3238 

4  HO 860  ....  15-21     14-40 

C8NH«BaO»  +  4Aq 236*6     ....  10000 

Wolff  fonnd  in  the  salt  dried  at  120"*,  37*6  p.  c.  baryta. 

Aspartate  of  Lime.  —  a.  Bibadc,  —  The  solution  of  salt  b  takes  up 
a  large  additional  quantity  of  lime,  and  yields  a  crystallizable  salt  con- 
taining 30*65  p.  c.  lime.  (Plisson.)  Crystals  soluble  in  water.  (Boutron 
&  Pelouze.)  —  IT.  The  solution  of  b  mixed  with  a  slight  excess  of  lime, 
then  filtered,  and  left  to  evaporate  over  lime,  yields  very  beautiful 
prisms,  which  may  be  freed  from  a  small  quantity  of  adhering  carbonate 
of  lime  by  crystallization.  In  vacuo  it  gives  off  water;  and  at  160''  the 
loss  of  water  amounts  to  26-49  —  28*57  p.  c,  according  as  the  salt  is 
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left  in  the  vacuum  for  a  longer  or  a  shorter  time.  The  solution  of  this 
salt  has  a  strong  alkaline  reaction,  and  is  decomposed  by  carbonic  acid^ 
like  the  basic  baryta-salt.  (Dessaignes.) 

Dried  at  160^.  Dessaij^es. 

C8NH*0«   115    67'27  ' 

2CaO   56     32-73    ....     32*44    ....     32-85 

C?NH*Ca«0»  171     100*00 

CryttaU  atr^dried,  Dessaignes. 

C8NH«0» 115  ....  47-34 

2  CaO 56  ....  2304  2309 

8  HO  •  72  ....  29-62  28*57 

C^NH'Ca^Oa  +  8  Aq 243     ....  10000  \. 

b.  Monobasic,  ^^  Gammy;  tastes  like  the  soda-salt;  contains  17'25 
p.  c.  lime;  giyes  off  a  large  quantity  of  hydrocyanic  acid  when  distilled. 
(Plisson.) 

A  neutral  solution  of  aspartate  of  baryta  mixed  with  a  slight  excess  of  lime,  yielded 
sucoessiTely  basic  aspartate  of  baryta  and  basic  aspartate  of  lime^  but  no  doable  salt. 
(Dessaignes.) 

Aspartate  of  Magnesia.  —  Bibanc.  —  The  aeneous  solution  of  salt 
b  dissolves  a  lar^^e  additional  quantity  of  magnesia,  and  yields  by  eva- 
poration a  sharp-tasting  gum,  containing  22*45  p.  c.  magnesia.  (Plisson.) 
—  b.  Monobasic,  —  By  continued  boiling  of  asparagin  with  magnesia 
and  water  [is  not  a  bibasio  salt  formed  by  this  process ?!,  and  evaporation 
of  the  filtrate,  a  gummy  mass  is  obtained,  which  tastes  like  the  soda-salt, 
has  an  alkaline  reaction,  dissolves  very  readily  in  water,  is  insoluble 
in  strong  but  soluble  in  weak  alcohol,  and  contains  13  05  p.  c.  magnesia. 
(Plisson.)  —  If  the  mother-liquor  left  in  the  preparation  of  asparagin 
from  marsh-maJlow  root  after  the  asparagin  has  crystallized  out  of  the 
alcoholic  extracts,  be  further  evaporated,  it  deposits  a  yellowish  white 
powder  of  aspartate  of  magnesia,  which,  when  recrystallized  from  liot 
water,  assumes  the  form  of  crystalline  crusts.  These  crusts  yield  an 
aqueous  solution  neutral  to  vegetable  colours;  they  bum  when  heated, 
with  evolution  of  ammonia  but  without  intumescence,  and  leave  car- 
bonate of  magnesia;  they  dissolve  in  about  1 6  pts.  of  boiling  water^  and 
pretty  easily  in  weak  alcohol,  but  are  insoluble  in  absolute  alcohol. 
(Wittstock,  Fogg.  20,  352.) 

The  aqueous  solution  of  bibasic  aspartate  of  magnesia  forms  with 
tartar-emetic,  a  precipitate  which  dissolves  in  excess  of  either  of  the 
salts.  (Plisson.) 

Aspartate  of  Zinc.  —  Small  white  opaque  grannies  (Piria);  not  deli- 
quescent; tasting  first  like  broth,  afterwards  astringent. 

Aspartate  OF  Lead  —  IT.  a.  Bibasic,'^ a.  /noc^'ve. -— The  soda-salt 
of  inactive  aspartic  acid  forms  with  an  ammoniacal  solution  of  neutral 
acetate  of  lead  a  curdy  precipitate;  and  the  filtrate  diluted  with  a  large 
quantity  of  water,  and  left  at  rest  for  a  few  days,  deposits  nacroous 
crystals  united  in  yery  hard  spherical  masses  having  a  radiated  struc-  i 

ture.  This  salt  does  not  suffer  any  diminution  in  weight  at  100^ 
(Pasteur.) 


I 
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Calculation  aecording  to  Patieur,  Pasteur. 

C8NH«0' 124     ....     35-6 

2  PbO 224     ....     64-4     639 

PbO,C8NH«Pb08    348     ....  lOO'O 

The  formula  C^H^Pb^O^,  analogoas  to  those  of  the  basic  aspartatea  of  baryta 
and  lime,  would  require  66*1  p.c.  PbO. 

p.  Active,  The  sodarsalt  of  active  aspartic  acid  exhibits  with  am- 
moniacal  acetate  of  lead,  the  same  phenomena  as  that  of  the  inactive 
acid,  a  soft  precipitate  being  deposited,  and,  when  the  liquid  is  left  at 
rest,  crystals  are  formed  nnited  in  hard  radiated  nodales;  bat  these 
crystals  consist  merely  of  a  peculiar  subacetate  of  lead  containing  65  p.  c. 
oxide  of  lead.  (Pasteur.)  H. 

h.  Monobasic, — Aspartate  of  potash  and  bibasic  aspartate  of  lime 
precipitate  basic  and  neutral  acetate  of  lead;  the  precipitate  dissolves  in 
an  excess  of  either  of  the  salts  and  in  nitric  acid.  (Plisson.) 


PbO    

8  C 

J>ned  at  120^ 

112 

48 

....     47-46     ... 
....     20-34     ... 
....       5-94     ... 
....       2-54     ... 
....     23-72     ... 

Plisson. 

48-81 

21-35 

N    

6  H    

14 

6 

6-09 

2-69 

7  0 

56 

21-06 

C8NH«Pb0» 

236 

....  100-00     ... 

100-00 

NUro-<iipartate  of  Lead.  —  Asparagin  is  heated  with  nitric  acid  quite 

free  from  nitrous  acid;  the  liquid  containing  nitric  acid,  aspartic  acid, 

and  ammonia,  mixed  with  nitrate  of  lead;  and  the  precipitate  redissolved 

by  heat:  the  solution  left  to  cool,  deposits  needles  resembling  formiate 

of  lead.     These  crystals  do  not  sustain  any  loss  when  heated  to  1 50°  in 

a  current  of  air,  but  are  decomposed  with  slight  deflagration  at  a  higher 

temperature.     With  oil  of  vitriol,  they  give  off  vapours  of  nitric  acid, 

and  are  but  slightly  decomposed  by  cold,  more  completely  by  hot  oil  of 

vitriol.  (Piria.)  The  formation  of  this  salt  succeeded  only  once;  it  appears  to 
depend  on  the  two  salts  being  mixed  in  the  exact  proportion  required,  and  on  a  proper 
degree  of  concentration  of  the  liquid.  (Piria.) 

Piria. 

2  PbO 224    ....    55-72    55*47 

8C  48     ....     11-94    11-98 

2  N  28     ....      6-96    7*28 

6H  6     ....       1-50     1-62 

12  O  96     ....     23-88     23-65 

C»NH«Pb08,PbO,NO»....     402    ....  100-00    10000 

Ferric  Aspartate. — Sesquichloride  of  iron  forms  with  basic  aspartate 
of  magnesia  a  precipitate  which  dissolves  in  excess  of  either  of  the  two 
salts;  with  aspartate  of  potash  it  forms  a  deep  red  transparent  mixture. 
(Plisson.) 

Aspartate  of  Nickel.  —  The  solution  deposits  by  evaporation  a 
green  fissured  mass.  (Plisson.) 

GuPRio  Aspartate. — Obtained  by  precipitating  cnpric  sulphate  with 
aspartate  of  potash.  Sky-blue  needles,  having  a  silky  lustre,  an  astrin- 
gent taste,  sparingly  soluble  in  cold,  easily  in  hot  water  and  in  aqueous 
aspartate  of  soda.  (Plisson  &  Henry.)  When  1  At.  cupric  sulphate  is 
mixed  with  1  At.  aspartate  of  soda,  crystals  of  cupric  aspartate  are 
obtained  by  evaporation  and  cooling,  and  the  mother-liquor  retains  a 
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very  pale  blue  colour;  but  the  solution  of  the  copper-salt  in  excess  of 
the  soda-salt  docs  not  deposit  any  crystals  of  the  copper  salt  bj  evapora- 
tion. (Plisson  &  Henry.) 

—  ^.  When  cupric  sulphate  is  mixed  with  a  solution  of  neutral  aspar- 
tate of  baryta,  a  rather  dark  violet  liquid  is  obtained,  which,  on  cooling, 
becomes  filled  with  very  light,  silky,  pale-blue  needles  of  basic  aspartate 
of  copper,  which  are  but  sparingly  soluble  in  water.  The  supernatant 
liquid  has  but  little  colour,  and  retains  a  lar^  quantity  of  free  sulphuric 
acid.  Hence  neutral  aspartate  of  copper  exists  only  in  solution,  and  the 
final  reaction  is  expressed  by  the  equation : 

2{CuO,SO»)  +  C8NH«Ba08  -  CSNHsCu^O^  +  BaO,SO»  +  HO,SO». 

The  basic  salt  gives  off  31-78  (10  At.)  water  at  160". 

CrysiaU,  Dessaignes. 

C8NH*0»    115  ....  40*35 

2CuO    80  ....  28-07  27*98 

10  HO 90  ....  31*58  31-65 


C«NH*Cu»08+  lOAq 285 


100-00 


This  salt  dissolves  in  aqueous  aspartic  acid,  with  aid  of  heat,  repro- 
ducing the  violet  solution.  (Dessaignes.)  % 

Aspartates  of  Mercury. — The  potash-salt  forms  a  precipitate  with 
mercurons  nitrate,  and  the  bibasic  lime-salt  with  corrosive  sublimate. 
Both  precipitates  redissolve  in  excess  of  either  salt.  (Plisson.)  —  ^  Mer- 
curic oxide  boiled  with  aspartic  acid  yields  mercuric  aspartate  in  the  form 
of  a  white  powder.  (Dessaignes.) 

Dried  at  100^  Dessaignes. 

C8NH«07 124     ....     36*48 

2HgO 200     ....     63-52     63*58 


HgO,C«NH«Hg08  324 


100-00 


The  composition  of  this  salt  is  analogous  to  that  of  the  basic  lead-salt  analysed 
by  Pasteur  (p.  237). 

Aspartate  of  Silyer.  — a.  Bibasic,  —  Aspartate  of  potash  and  basic 
aspartate  of  lime  form  with  nitrate  of  silver  a  white  precipitate  soluble 
in  excess  of  either  salt.  (Plisson.)  —  %  Nitrate  of  silver  added  to  slightly 
alkaline  aspartate  of  ammonia,  forms  a  precipitate  which  disappears  again 
on  stirring.  After  24  hours,  white  heavy,  entangled  crystals,  susceptible 
to  light,  are  formed.  (Dessaignes,  Pasteur.)  The  active  and  inactive  acids 
yield  precisely  similar  results.  (Pasteur.)  % 

Liebig.     Dessaignes.  Pasteur. 


2  Ago 

8  C  

232 

48 

14 

5 

48 

•  ••• 

•  ••• 

•  t«« 

•  •«• 

•  ■  •  • 

66-86 

13-84 

4*04 

1*43 

13-83 

•  ••« 

•  •>• 

•  •■• 

66*62    .... 
14-07 

1-47 

active        inaetite 
66*8     ....    66*7     ....    66*9 

N 

5  H 

6  0  

C8NH*Ag»09  .... 

347 

•  •••*•  ■ 

100-00 

...     232 
48 

■  t  •  • 
•  ••• 

•  «  ■  4 

•  •  ■  • 

66*86    .... 
13*84 

4-04 

1-43 
13-83 

Wolff. 

2  AgO  .. 

8  C  

...     66*62     ....     66*6 

N  

5  H  

...       14 
5 

6  0 

...       48 

C«NH*Ag208,.. , 

347 

f  ••• 

10000 

t 
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As  it  is  improbable  that  an  aniidogen  acid  should  be  bibasic,  and  as 
Liebig  has  not  given  the  mode  of  preparation  of  the  salt  which  he 
analysed,  Lan rent  doubts  its  purity.  —  %  Liebig's  result  is  however  con- 
firmed by  those  of  Dessaignes,  Pasteur,  and  Wolff.  Dcssaignes'  salt  was 
dried  in  vacuo;  Pasteur^s  at  100^.  Pasteur  found  in  the  same  salt  (by 
decomposing  it  with  sulphuretted  hydrogen,  137*99  p.  c.  aspartio  acid 
(C^NH^O*),  the  formula  requiring  38'33.  —  According  to  Pasteur  also, 
the  crystallized  salt,  after  being  merely  pressed  between  paper  and  then 
dried  for  24  hours  at  ordinary  temperatures,  has  a  composition  analogous 
to  that  of  the  basic  lead  and  mercury  salts  already  described  (pp.  237, 
238);  thus: 

Dried  at  ordinary  temperatttreg,  Pasteur. 

CNHW 124     ....     34-83 

2AgO 232     ....     6517     65-2     ....     65-8 

AgO,C«NH«Ag08  356     ....  10000 

Ptotenr  raggests  however  that  the  salt  thw  dried  may  retain  1  At.  water  mechani- 
cally or  chemically  combined. 

5.  If onobasic,  — When  the  mother-liquor  which  remains  after  the 
separation  of  salt  a  is  left  to  crystallize,  it  deposits  yellowish  crystals  of 
the  monobasic  salt.  (Dessaignes.) 

Dessaignes.  ^^°*"'' 
^^        &  Pelouze. 

CaNH'O? 124    ....     51-67 

AgO 116     ....     48-33     48-82     ....     50 

C8NH«Ag(>» 240     ....  100-00  % 

Aspartic  aoid  is  less  soluble  in  weak  alcoJtol  than  in  water,  and  quite 
insoluble  in  absolute  alcohol.  (Plisson.) 

%  Malamaie  [Aspariaie  ?]  of  Ethyl,  — When  malate  of  ethyl  obtained 
by  Demondesir's  process  (p.  227)  is  saturated  with  dry  ammouiacal  gas, 
the  liquid  becomes  heated,  and  in  the  course  of  a  day  solidifies  to  a 
radiated  crystalline  mass,  which,  after  being  drained  and  then  washed 
with  common  ether,  consists  of  pure  malamate  of  ethyl.  By  further 
treatment  with  ammonia,  it  is  converted  into  malamide.  (Pasteur,  N,  Ann- 
Ckim,  Fhys.  38,  437;  Jahretiber,  1853,  411.) 


fi.    Amidogtn-nudeui.    OAd*H*0*. 

Asparagine. 

C»N»H»0*=C«Ad»H*0*,0». 

Vauqubldt  &  BoBiauBT.    Ann.  Chim.  57,  88. 

RoBKiCBT.    Ann.  Ckim.  72,  143. 

Bacon.    Ann.  Chim.  Phyg.  34,  202;  also  J.  Chim.  mid.  2,  551;  abatr. 

Mag.  Fharm.  16,  140. 
Plisbon.     Ann.  Chim.  Phys.  35,  175;   also  J.  Pharm.   13,   477;  also 

N.  Tr.  16,  2,  177.  —Ann.  Chim.  Phys.  87,  81;  also  J.  Pharm.  14, 

177;  also  N.  Tr.  17,  2, 165. 
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Plisson  &  0.  Henry.    Ann.  Chim.  Fhr/i.  45,  304;  alao  J.  Phai-m.  IQ, 

713;  vlsoSchw.  61,  314. 
Wtttstock.     Pogg.  20,  346. 
BouTRON   Charlard  &  Pelouze.      Ann.   Chim.    Phys.  52,  90;    also 

J.  Pharm.  19,  208;  also  Schw.  67,  393;  also  Ann.  Pharm.  6,  75. 
LiBBiG.     Pogg.  31,  320;  also  Ann.  Pharm.  7, 146. 
Regimbeau.      J.  Pharm.   20,  631;    abstr.  Ann.  Pharm,   13,  307. — 

J,  Pharm.  21,  665. 
BiLTZ.     Ann.  Pharm.  12,  54. 
PiRiA.     N.  Ann.  Chim.  Phy».  22,  160. 

Laurent.    N.  Ann.  Chim.  Phyz.  23,  113;  also  CompC.  rend.  22,  790. 
Dessaignes  <&  Chautard.     ^.  J.  Pharm.  13,  245. 
Dessaignbs.     Jy.  Ann.  Chim.  Phys.  34,  143;  also  Ann.  Pharm.  82,  237. 

Spargelatofff  Althdin,  AsparanUd,  Asparagin,  Asparamidet  Malamide;  Altkeine 
(Bacon),  Agidoile  (Caventoa.)  —  Discovered  in  1805  by  Vauquelin  &  Robiquet, 
who  obtained  it  from  asparagus  roots.  Plisson  snowed  that  the  Agedcile 
discovered  by  Caventou  in  liquorice-root,  and  the  altheine  found  by  Bacon 
in  marsh-mallow  root,  are  identical  with  asparagine. 

Sources.  In  the  young  shoots  of  Asparagus  of.  (Vauquelin  &  Robi- 
quet); in  the  haulm  and  root  of  Convallaria  majalis  and  mtdHfiora  and 
of  Paris  quadrifolia  (Walz);  in  the  root  of  Glycyrrhiza  glabra  (Caven- 
tou), of  AWuBa  off.  (Bacon),  especially  in  that  from  Narbonne  (Buchner, 
Eepert.  41,  368),  of  Symphytum  off.  (Blondeau  &  Plisson,  J.  Pharm. 
13,  635),  of  Robinia  pseudacacia  (Hlasiwetz,  J.  pr.  Chem.  64,  64.) 
[Reinsch  {Reperi.  Pharm.  [2],  39, 198 ;  Bens.  Jakresber,  26,  524)  had  stated  that  the 
root  of  this  plant  contained  a  peculiar  add,  which  he  named  rohinie  add;  bat  Hlasiwetz 
showed  that  the  crystals  which  separate  from  the  aqueous  decoction  of  the  root  after 
evaporation  to  a  syrup,  are  not,  as  Reinsch  supposed^  the  ammonia-salt  of  a  peculiar 
acid,  but  consist  of  asparagine] ;  —  in  the  tubers  of  Solanum  tuberosum 
(Vauquelin);  in  the  leaves  of  Atropa  Belladonna  (Biltz,  Ann.  Pharm. 
12,  54);  in  the  sprouts  of  the  hop  (Leroy,  J.  Chim.  med.  16,  8);  in  the 
milky  juice  of  Lactuca  saiiva  (Aubergier);  in  Omithogalum  caudatum 
(Link.)  —  The  Cynodine  obtained  bv  Semnola  {Berzel  Jahresher,  24,  525) 
from  Cynodon  Dactylon  appears  also  to  be  identical  with  asparagine. 
The  seeds  of  the  following  papilionaceous  plants  contain  no  asparagine, 
but  the  germs  which  spring  from  them  when  kept  in  a  cellar  where 
water  has  access  to  them,  are  rich  in  that  substance.  Pisum  sativum, 
Ervum  Lens,  Phaseclus  vulgaj^is,  Vicia  Faha  and  saiiva,  Cytisus  Labur- 
num, Trifolium  praiense,  Hedysarum  Onobrychis.  [Also,  according  to 
Dessaignes,  (H.  Ann.  Chim.  Phys.  34,  183),  Laihyrus  odoratus  and 
latifolius.  Genista  juncea,  Colutea  arborescens^.  One  litre  of  juice  ex- 
pressed from  the  germs  yields,  in  the  case  of  peas,  8*5  grammes  of  pure 
asparagine;  of  French  beans,  the  juice  of  which  likewise  contains  nitre, 
5'5  grm.;  of  broad  Windsor  beans,  14*0  grm.;  of  vetches,  9*0  to  40'9 
grm.  The  root-germs  of  vetches  contain  as  much  asparagine  as  the  steni- 
germs;  but  the  permanent  cotyledons  contain  none.  The  corms  of 
Dahlia  pinnata,  and  the  roots  of  AUhasa  off.,  when  kept  in  a  cellar, 
yield  germs  containing  asparagine;  but  the  germs  of  oats,  buckwheat, 
cucumber-seed,  and  potato-tubers  are  free  from  that  substance.  (Dessaignes 
&  Chautard.)  The  germs  of  vetches  formed  in  light  contain  just  as 
much  asparagine  as  those  which  grow  in  the  dark;  the  nitrogen  required 
for  the  formation  of  the  asparagine  appears  to  be  derived,  not  from  the 
air,  but  from  the  legumin  of  the  seed;  this  however  contains  no  aspara- 
gine, the  plant  arrived  at  the  flowering  stage  contains  only  a  trace,  and 
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after  it  lias  run  to  seed,  none  at  all.  (Piria.)  IT.  Pasteur,  on  the  other 
hand  (I^,  Ann,  Ghint,  Fhys,  81,  70),  finds,  like  Dessaignes  <&  Chautard, 
that  green  vetches  growing  in  light  are  free  from  asparagine,  while  those 
which  grow  in  a  cellar  yield  5  or  6  grm.  asparagine  in  1  litre  of  juice.  — 
Aspara^ne'is  likewise  contained  in  chestnuts.  (Dessaignes,  N.  J.  Pharm, 
25,  28.)  %. 

Preparation,  1.  From  Atparagus,  The  juice  of  asparagus  expressed, 
filtered,  and  evaporated  to  a  syrup,  deposits,  after  standing  quietly  for 
some  time,  crystals  of  asparagine,  which  must  be  mechanically  separated 
from  crystals  of  saccharine  matter  which  accompany  them,  and  purified 
by  recrystallization  from  water.  ( Vauquelin  &  Robiquet.)  —  As  the  mucus 
of  asparagus  interferes  with  the  crvstallization,  it  must  be  decomposed  by 
fermentation,  the  young  shoots  of  Asparagus  off,  or  actUifoUtu  (which  latter 
yield  more  asparagine)  oeing  gathered  in  the  month  of  May,  wrapped  up  in 
damp  linen,  and  left  for  about  4  days  in  the  case  of  Asparagus  actUifolitu, 
and  for  8  days  in  that  of  Asp,  off,,  moistening  them  frequently  during  the 
whole  time,  till  they  acquire  an  unpleasant  odour.  They  must  then  be 
bruised  and  pressed,  with  addition  of  water;  the  juice  heated  and  strained 
from  the  coagulated  albumin  and  chlorophyl;  tne  syrup,  which  must  be 
thicker  when  obtained  from  Asp,  off,  than  in  the  case  of  Asp,  acutifoliuSj 
exposed  for  several  days  to  the  open  air;  and  the  resulting  crystals  washed 
with  water  or  weak  spirit.  (Regimbeau.) 

II.  From  Liquorice  rooL  —  Robiquet  exhausts  the  fresh  root  cut  into 
small  pieces  with  water;  precipitates  the  albumin  from  the  filtrate  by 
boiling,  the  glycyrrhizin  by  distilled  vinegar,  the  phosphoric  and  malic 
acids  together  with  brown  colouring  matter,  by  neutral  acetate  of  lead, 
and  the  excess  of  lead  by  sulphuretted  hydrogen;  and  evaporates  the 
remaining  liquid  to  a  small  bulk,  whereupon  it  deposits  crystals  of  aspa- 
ragine after  a  few  days.  —  Plisson,  instead  of  acetic  uses  sulphuric  acid, 
which  precipitates  the  glycyrrhizin  more  quickly,  and  renders  smaller 
quantities  of  acetate  of  lead  and  sulphuretted  hydrogen  sufficient  in  the 
subsequent  part  of  the  process.  From  100  parts  of  the  fresh  root  he 
obtained  0*8  pt.  asparagine;  the  dry  root  yielded  none. 

III.  From  Marsk-maUow  root,  —  1.  The  dry  root  freed  from  the 
outer  skin  and  cut  in  pieces  is  thrice  exhausted  at  a  gentle  heat  with 
four  times  its  weight  of  water;  and  the  strained  infusion  boiled  and  eva- 
porated to  a  thin  syrup:  thi^,  when  left  for  some  days  in  a  cool  place, 
yields  crystals  which  ntust  be  washed  with  a  little  cold  water,  and 
purified  by  crystallization  from  water;  they  amount  to  2  per  cent  of 
the  root.  (Plisson  &  Henry.)  —  The  same  process  is  adopted  by  Boutron 
&  Pelouze,  excepting  that  they  likewise  bruise  the  root  and  exhaust  it 
twice  by  48  hours'  maceration  with  water  cooled  to  70°.  —  Hegimbeau 
objects  to  the  bruising  of  the  root,  because  it  then  yields  a  gummy  infusion; 
he  treats  it  with  water  at  1°  or  2°,  and  adds  alcohol  to  the  evaporated 
infusion,  to  prevent  decomposition.  —  Larocqne  precipitate?  the  mucus 
contained  in  the  watery  extract  by  alcohol  before  evaporation.  —  2.  The 
dry  root,  cleaned  and  cut  in  pieces,  is  exhausted  four  times  with  cold 
water;  the  infusion  evaporated  in  the  water-bath;  the  very  soft  extract 
boiled  with  \  pt.  alcohol  of  82°  Mm.  (to  1  pt.  of  the  root);  the  alcohol 
decanted;  the  residue  thrice  treated  in  the  same  manner;  the  extracts 
separately  set  aside  for  five  days,  whereupon  they,  especially  the  second, 
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deposit  orystaJs  of  asparagine;  the  alcobolio  liquid  decanted  tberefrom 
abandoned  to  spontaneoas  evaporation^  whereupon  it  deposits  an  addi- 
tional quantity  of  impure  asparagine  in  the  form  of  a  yellowish  white 
powder;  the  whole  of  the  asparagine  (amounting  to  0*3  per  cent,  of  the 
root)  washed  with  cold  water,  which  removes  a  quantity  of  brown 
extractive  matter,  and  boiled  with  25  pts.  of  spirit  of  20°  Bm.,  or  with 
17  pts.  of  water;  and  the  solution  purified  by  treatment  with  animal 
charcoal,  filtered  boiling  hot,  and  left  to  cool:  it  then  deposits  white 
crystals.  (Plisson.)  —  In  a  similar  manner,  Blondeau  obtained  asparagine 
from  Symphytum  root.  —  If  the  extract  has  been  too  much  dried,  or  if 
the  alcohol  has  been  too  strong,  no  asparagine  is  extracted;  if  the  alcohol 
is  too  weak,  nothing  crystallizes  out.  (Plisson.)  —  By  Plisson's  pro- 
cess, using  spirit  of  80  per  cent.,  the  quantity  of  asparaeine  obtamed 
amounts  to  0*8  per  cent.;  with  60  per  cent  spirit,  only^  ^  of  that 
quantity;  by  boiling  the  root  with  water,  only  a  trace  is  obtained 
(Trommsdorff,  I^.  Tr.  19,  1,  170;)  because  the  gum  [starchl]  which  dis- 
solves in  the  water,  converts  the  asparagine  into  aspartic  acid.  (Boutron 
&  Pelouze.)  —  If  the  watery  extract  obtained  by  Plisson's  process,  which 
becomes  very  acid  during  the  evaporation,  be  boiled  five  times  with 
spirit  of  sp.  gr.  0*835,  the  resulting  alcoholic  solution  deposits  on  cooling, 
first  a  brown  mass,  and  then,  on  decanting  the  liquid  from  this  deposit, 
a  quantity  of  crystallized  asparagine,  amounting  to  0*4  p.  c.  of  the  root. 
But  the  mother-liquor,  together  with  the  portion  of  the  extract  not 
dissolved  by  the  alcohol,  yields,  when  dissolved  in  water,  precipitated  by 
acetate  of  lead,  freed  from  lead  by  sulphuretted  hydrogen,  and  then 
filtered  and  evaporated,  a  thick  syrup,  which  solidifies  over  night  in  a 
crystalline  mass,  whence,  by  boiling  with  alcohol,  an  additional  1*2  per 
cent,  of  asparagine  may  be  obtained,  together  with  a  small  quantity  of 
aspartate  of  magnesia.  (Wittstock.)  —  if  the  root  be  exhausted  with 
boiling  spirit  of  sp.  gr.  0*835,  no  asparagine  is  obtained,  either  from  the 
alcoholic  extract,  or  from  the  residue  of  the  root  when  exhausted  with 
cold  water.  (Wittstock.)  —  The  root,  after  being  twice  boiled  with  water, 
yields  to  cola  water  0*7  p.  c.  asparagine.  (Boutron  &  Pelouze.)  Similarly 
the  root,  after  being  exhausted  with  ether,  and  then  with  alcohol  of 
36°  Bm.,  yields  asparagine  to  lukewarm  water.  (Larocque,  N,  J.  Fharm, 
6,  352.) 

IV.  From  Belladonna,  The  extract  obtained  by  evaporating  the 
expressed  juice,  becomes  filled,  when  left  at  rest  for  several  days,  with 
crystals  of  asparagine,  which  may  be  washed  with  cold  w^ter  and  crys- 
tallized several  times  from  hot  water.  (Blitz.) 

V.  From  the  young  shoois  of  Vetches,  Ac.  (p.  240).  —  Vetches  are  left 
to  germinate  on  moist  garden-mould  or  sand  till  tne  shoots  are  about 
half  a  metre  long;  the  juice  pressed  out,  evaporated,  strained  from  the 
coagulated  albumin,  and  concentrated  to  a  syrup,  which  then,  after 
standing  for  some  time,  yields  brown  crystals.  Lastly,  these  crystids  are 
washed  with  cold  water,  crystallized  from  hot  water,  and  completely 
purified  by  solution  in  hot  water,  digestion  with  animal  charcoal,  and 
recrystallization.  By  this  process,  100  pts.  of  vetches  yield  4*5  pts.  of 
brown  or  3*0  pts.  of  pure  crystals.   (Piria.) 

The  crystals  obtained  by  either  of  these  processes  contain  2  At.  water 
which  may  be  expelled  by  beating  to  100**. 

Properties f  7id.  Hydrated  Asparagine  (p.  244). 
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n j^#iAAo                                T*  u*  Bontron  &    Plisson  Varrentrapp 

I>rtidatm\                             L,e%.  p^j^^^^     ^^^^^     &  WUI. 

8C 48     ....     36'36  36*70  ....     38*94  ....     3782 

2  N    28     ....     21*21  21*19  ....  2247  ....     2213     ....     21*27 

8  H 8     ....       606  6*17  ....  6*37  ....       567 

6  0 48     ....     36*37  35*94  ....  3222  ....     3438 

CT^H'W 132    ....  100*00  100*00  ....  100*00  ....  10000 


Asparagine  is  related  to  malic  add  in  fhe  same  manner  as  oxamide  (C^N^HHy)  to 
oxalic  add  (C^H'O^).  Plri«. — Neverthleas,  Ftoteor  regards  malamide  prepared  as 
aboTe  from  malic  ether  as  different  from  asparagine  (p.  227). 

DecamposUions,  1.  From  asparagine  roasted  till  it  becomes  slightly 
brown,  water  extracts  a  small  quantity  of  asparskgine  together  with  a 
bitter  snbstance,  and  acquires  a  yellow  colour  by  transmitted,  and  green 
by  reflected  light.  (Plisson  &  Henry.)  —  2.  Asparagine  subjected  to  dry 
distillation  yields  carbonate  of  ammonia,  a  colourless  liquid,  then  a  brown 
empyreumatic  oil,  and  charcoal.  (Trommsdorff,  Biltz.)  In  the  open  fire, 
asparagine  swells  up,  turns  brown,  gives  off  at  first  yaponrs  having  an 
empjrreumatic,  woody  odour,  afterwards  vapours  having  an  ammoniacal 
animal  odour,  and  leaves  a  loosely  coherent  charcoal,  which  bums  com- 
pletely away.  ( Vauquelin  &  Robiquet;  Plisson.)  —  When  asparagine  is 
heated  to  200°,  till  it  no  longer  evolves  any  ammoniacal  odour,  there 
remains  a  brown,  sparingly  soluble  substance,  which,  when  treated  with 
hydrochloric  acid,  yields  aspartic  acid  crystallized  in  short  hard  prisms. 
(Dessaignes;  comp.  p.  230.^  —  Chlorine,  oromine,  and  iodine  exert  no 
action  on  asparagine.  (Plisson  &  Henry.)  —  4.  Cold  nitric  acid  con- 
taining nitrous  acid  quickly  converts  asparagine  into  nitrogen  gas  and 
pialic  acid.  (Piria.) 

C^*H80*  +  2N0»  =  C8H«OW  +  4N  +  2H0. 

When  nitric  oxide  gas  is  passed  through  a  solution  of  1  pt.  asparagine 
in  1  pt.  of  pure  and  moderately  strong  nitric  acid,  an  evolution  of 
nitrogen  gas  commences  immediately  and  rapidly  increases;  the  liquid 
becomes  slightly  heated;  and  if  it  be  then  saturated  with  marble  and 
filtered,  it  will  afterwards  throw  down  malate  of  lead  from  a  solution  of 
the  acetate.  (Piria.)  —  5.  By  solution  in  most  of  the  stronger  acids  and 
beating,  asparagine  is  resolved  into  an  ammonia-salt  and  aspartic  acid: 

CSN^H^Ofi  +  2H0  =  C8NH708  +  NH^. 

It  dissolves,  without  effervescence,  in  cold  nitric  acid  (Robiquet),  forming 
nitrate  of  ammonia  and  aspartic  acid.  (Plisson  &  Henry.)  It  dissolves 
in  3  pts.  of  oil  of  vitriol,  without  blackeninc^,  forming  sulphate  of  am- 
monia and  aspartic  acid,  which  when  heated  turns  brown  from  decom- 
position. (Plisson  &  Henry.)  Dilute  sulphuric  acid  likewise  converts  it 
into  ammonia  and  aspartic  acid.  (Piria.^  Its  solution  in  strong  hydro- 
chloric acid  evaporated  at  a  gentle  heat,  leaves  sal-ammoniac  and  aspartic 
acid.  (Plisson  &  Henry.)  The  laminoc  of  asparagine  which  form  when 
its  solution  in  hydrochloric  acid  is  evaporated  to  a  syrup  after  an  hour's 
boiling,  are  distinguished  by  their  deliquescence,  arising  from  adhering 
hydrochloric  acid;  if,  therefore,  the  liquid  bo  saturated  with  pieces  of 
marble,  aspartic  acid  of  ordinary  solubility  separates  out.  (Piria.)  Con- 
centrated acetic  acid  likewise  forms  aspartic  acid  and  acetate  of  ammonia, 
though  slowly.  (Plisson  &  Henry.}  —  6.  In  a  similar  manner,  asparagine 
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is  converted  bj  the  action  of  the  stronger  salifiable  bases  into  a  salt  of 
aspartic  acid^  and  ammonia  'which  escapes  (Plisson)  : 

C8N«H80«  +  HO,KO  «  C8NH«08  +  NH». 

Aqaeous  ammonia  produces  this  change  slowly  at  a  boiling  heat.  (Plisson 
&  Henry.)  —  Hjdrate  of  potash  triturated  with  asparagine  gives  off 
ammonia  after  a  while.  (Robiquet.)     When  such  a  mixture  is  fused  at  a 

gentle  heat,  ammonia  is  evolved  and  aspartate  of  potash  formed,  which 
owever,  at  a  stronger  heat,  is  converted,  with  evolution  of  hydrogen 
and  ammonia,  into  acetate  and  oxalate  of  potash.  (Piria.)  Plisson  & 
Henry,  who  heated  the  mixture  to  redness,  likewise  obtained  oxalate 
and  carbonate  of  potash.  —  Cold  potash-solution  eliminates  ammonia 
from  asparagine,  only  when  very  much  concentrated;  the  hot  solution 
effects  the  transformation  with  facility.  (Plisson  &  Henry.)  —  By  boiling 
with  baryta- water,  132  pts.  (1  At.)  of  dry  asparagine  are  converted  into 
132-7  pts.  (1  At.)  of  aspartic  acid.  (Boutron  &  Pelouze.)  —  Ma^esia 
and  hydrated  oxide  of  lead  likewise  decompose  asparagine,  when  boiled 
with  it  for  some  time  in  water,  yielding  ammonia  and  a  salt  of  aspartic 
acid.  (Plisson.)  —  7.  Asparagine  dissolved  in  water  is  very  slowly  con- 
verted, by  boiling  under  the  ordinary  pressure,  into  aspartate  of  ammonia 
(Plisson  &  Henry);  but  wLen  it  is  enclosed  in  a  sealed  glass  tube,  and 
heated  till  the  pressure  amounts  to  3  or  4  atmospheres,  the  decompo- 
sition takes  place  immediately  without  formation  of  any  permanent  gas. 
(Boutron  &  Pelouze.)  —  On  the  other  hand,  asparagine  dissolved  in 
water  is  not  altered  by  exposure  to  a  pressure  of  30  atmospheres  at 
ordinary  temperatures.  (Erdmann,  J.pr.  Chem,  20,  69.)  —  8.  The  solution 
of  pure  asparagine  crystals  may  be  kept  without  alteration,  but  the 
solution  of  the  crystals  which  still  retain  some  degree  of  colour,  passes 
into  a  state  of  fermentation,  acquiring  a  slightly  alkaline  reaction  and 
the  odour  of  putrefying  animal  substances,  and  becoming  covered  with 
a  film  of  infusoriie,  while  the  whole  of  the  asparagine  is  converted  into 
succinate  of  ammonia.  (Piria.) 

C»N«H80«  +  2H0  +  2H  «  2NH«,CfiH60«. 

Consequently,  2  HO  and  2  H  are  added  to  the  asparagine,  the  hydrogen 
being  derived  from  the  putrefying  matter.  The  solution  of  perfectly 
pure  asparagine  passes  into  the  same  state  of  fermentation,  on  addition 
of  a  small  quantity  of  the  juice  expressed  from  the  young  shoots  of 
vetches.  (Piria.)  Asparagine  fermented  under  the  influence  of  casein,  is 
converted  first  into  aspartate  of  ammonia^  then  into  succinate.  (Des- 
saignes,  p.  110.) 

P^  CamhincUians.  With  Water.  —  a.  Hydrated  Asparagine;  crystaUked 
Asparagine,  •-- Preparation,  {p,  24 1.)~  Transparent,  colouness  crystals  be- 
longing to  the  right  prismatic  system.  —  Rectangular  octohedrons,  trun- 
cated on  the  shorter  edges  of  the  base  and  at  the  acute  angles  of  the 
base.  (Vauquelin  &  Robiquet;  Plisson.)  Right  rhombic  prisms,  «' :  «  = 
130  (Vauq.  &  Rob.);  12930  (Bernhardi);  the  acute  [summits  and  termi- 
nal edges  truncated  (Vauq.  &  Rob.);  the  acute  summits  truncated,  but 
only  two  terminal  edges  truncated  at  each  end,  and  on  alternate  sides  : 
p:a=  116''  21'  (Bernhardi).  Six  sided  prisms  (Plisson  &  Henry); 
rhombohedrons  [1]  and  six-sided  prisms.  (Leroy).  —  Compare  Bernhardii  {Ann, 
PAarm,   12,  58;  Miller,  Phil.  Mag,  6,  100;  also  Pop^.  36,  477). 

The  crystals   of  asparagine  are  hanl    and  brittle    (Vauquelin   & 
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Robiquet),  and  crumble  to  powder  witb  a  crackling  noise  between  the 
teeth.  (Plisson  &  Henry.)  Their  specific  gravity  at  14**  is  1*519. 
(Plisson  &  Henry.)  They  are  inodorous  (Plisson  &  Henry),  and  nearly 
tasteless  (Robiqnet) ;  have  a  juicy  taste  (Plisson  &  Henry) ;  a  cooling 
but  somewhat  nauseating  taste.  (Vauquelin  &  Robiquet.)  They  do  not 
impart  any  odour  of  asparagus  to  the  urine,  even  when  taken  in  large 
quantity.  (Plisson  <&  Henry.)  Their  aqueous  solution  slightly  reddens 
litmus.  (Plisson  &  Henry,  Piria,  Trommsdorf,  Leroy.)  They  are  per- 
manent in  the  air.  (Trommsdorff.)  They  soften  at  100°  (Plisson  8c 
Henry),  becoming  milk-white  (Biltz),  and  giving  off  all  their  water 
(Boutron  &  Pelouze;  Liebig),  which,  according  to  Liebig,  amounts  to 
12'  85,  and  according  to  Marchand  {J,  pr,  Chem.  20,  264,)  to  12*20  per 
cent.  IT.  The  solution  of  asparagine  in  water  or  in  alkalis  turns  the 
plane  of  polarization  of  a  ray  of  light  to  the  left,  but  its  solution  in  acids 
turns  it  to  the  right.  Like  other  circularly  polarizing  bodies,  it  forms 
crystals  having  hemihedral  faces.  (Pasteur.)  IT. 


Crifstals. 

8  C    48 

2  N   28 

10  H  10 

....    3200    ... 

....     18-67     ... 

6-67     ... 

....    42*66     ... 

Liebig. 

>....      Oi  oD      .... 
....       Jo  lA      .... 

6-84     .... 
42-08     .... 

Piria. 
....     31-80     . 
....     18-80     . 
....       6-85 
....     42-55 

Marchand 

32*20 

1908 

6*60 

8  0  64 

4212 

C8N»H80»  +  2HO  150 

....  100-00    ... 

100-00     .... 

....  10000 

100-00 

5.  Aqueous  Asparagine,  —  The  crystals  dissolve  in  11  pts..(Biltz),  in 
about  60  pts.  (Leroy),  in  58  pts.  (at  13°,  Plisson  &  Henry)  of  cold 
water,  and  in  4*44  pts.  of  boiling  water.  (Biltz.)  It  dissolves  in  greater 
quantity,  the  more  completely  it  is  freed  from  aspai-tate  of  lime  and 
magnesia.  (Regimbeau.)  From  a  saturated  aqueous  solution  mixed 
with  an  equal  quantity  of  alcohol,  crystals  of  asparagine  separate  after 
a  while.  (Biltz.) 

Asparagine  cannot  be  melted  with  phosphorus;  when  it  is  melted  with 
sulphur,  it  forms  a  red  solid  mass,  which  melts  again  at  a  stronger  heat,  and 

f fives  off   sulphuretted  hydrogen,   but  without    decomposition   of   the 
greater  part  of  the]  asparagine.  (Plisson  &  Henry.) 

Sulphate  of  Asparagine.  —  The  solution  of  1  pt.  asparagine  in  1  pt. 
dilute  sulphuric  acid,  evaporated  over  oil  of  vitriol  at  ordinary  tempe- 
ratures, deposits  crystals  of  asparagine,  and  leaves  a  mother-liquor, 
which  dries  up  to  a  colourless  amorphous  mass,  from  which  carbonate 
of  lime  throws  down  asparagine  in  its  original  state.  (Dessaignes  & 
Chautard.)  IT.  With  less  than  2  At.  sulphuric  acid,  crystals  of  asparagine 
always  separate  out;  a  solution  of  asparagine  in  2  At.  sulphuric  acid  no 
longer  yields  crystals  of  asparagine,  but  the  compound  cannot  be  obtained 
in  crystals,  even  on  addition  of  alcohol.  (Dessaignes.)  IT. 

JBj/drochlorate  of  Asparagine.  —  a.  A  solution  of  1  At.  asparagine  in 
1  At  hydrochloric  acid,  evaporated  over  lime  at  ordinary  temperatures, 
leaves  a  very  solid,  pleasantly  acid  gum,  which  contains  but  a  mere 
trace  of  sal-ammoniac,  and  yields  asparagine  again  when  decomposed  by 
carbonate  of  soda.  (Dessaignes  &  Chautard.) — If.  A  crystallized  compound 
is  obtained  by  dissolving  1  At.  asparagine  in  1  At.  dilute  hydrochloric  acid, 
evaporating  the  solution  at  a  gentle  heat,  and  adding  alcohol.  —  The 
same  compound  is  likewise  formed  by  exposing  hydmted  asparagine  in 
fine  powder  to  the  action  of  dry  hydrochloric  acid  gas,  and  expelling 
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the  excess  of  the  gas  bj  a  stream  of  dry  air :  the  asparagine  then  in- 
creases in  weight  W  23*19  per  cent.  The  compound  when  exposed  to 
moist  air  gives  off  acid  vapours;  and  on  dissolving  it  in  hot  water 
after  the  evolution  of  these  vapours  has  ceased,  and  leaving  the  solution 
to  cool,  large  cr3'stals  separate  out,  which,  after  rapid  washing  and 
drying,  are  not  deliquescent.  (Dessaignes.) 

CrystaU,  Dessaignes. 

CSN^HW 132-0    ....     78-35 

HCl 36-4     ....     21-65     21-39 

C3K2H80«,HCl 168-4     ....  100-00 

h.  Anhydrous  asparagine  absorbs  dry  hydrochloric  acid  gas.  After 
the  stream  of  gas  had  been  continued  for  a  long  time,  a  compound 
was  obtained,  which  in  two  instances  yielded  10*02  and  10*98  p.  c. 
hydrochloric  acid.  The  formula  2  C^N'^H^O^HCl  requires  1211  p.  c. 
(Dessaignes.) 

Nitrate  of  Asparagine.  —  On  dissolving  1  At.  asparagine  in  1  At. 
dilute  nitric  acid,  concentrating  the  solution  to  a  syrup  in  vacuo  over 
lime,  and  placing  the  residue  in  a  gently  heated  drying  chamber,  it 
changes  almost  entirely  to  large  non-deliquescent  crystals,  containing 
nothing  but  asparagine  and  nitric  acid.  (Dessaignes.)  IT. 

Asparagine  with  JPotash,  —  A  warm  aqueous  solution  of  asparagine 
acquires  an  alkaline  reaction,  by  addition  of  a  mere  trace  of  potash,  and 
on  cooling  yields  crystals,\  which,  after  washing,  redden  litmus,  and  are 
free  from  potash.  (Flisson.)  Crystals  of  asparagine  (but  not  the  solu- 
tion), treated  with  a  saturated  solution  of  bicarbonate  of  potash,  evolve 
bubbles  of  carbonic  acid,  but  often  not  till  gently  heated.  (Plisson  & 
Henry.)  —  The  crystalline  powder  of  asparagine,  when  an  alcoholic  solu- 
tion of  potash  is  poured  upon  it,  forms  a  soft  compound,  which  becomes 
syrupy  when  heated,  and  mixes  little  or  not  at  all  with  the  supernatant 
liquid.  This  syrup  repeatedly  washed  with  water,  and  dried  in  the  hot 
air  chamber,  becomes  gummy,  and  solidifies  on  cooling  to  a  transparent 
colourless  glass,  which  contains  26*10  p.  c.  potash,  and  is  therefore 
C®N*H'KO*.     [The  formula  KOjCSN^H^O*'  agrees  much  better  with  the  quantity  of 

potash  found.]  —  The  compound  swells  up  strongly  when  gently  heated, 
and  gives  off  ammonia.  (Laurent.)  —  IT.  On  gradually  adding  an  excess  of 
finely  pounded  asparagine  to  an  alcoholic  solution  of  potash,  gently 
heated  in  a  glass  tube  closed  with  a  cork,  the  liquid,  which  is  at  first 
turbid,  becomes  clear  after  a  while,  and  the  sides  of  the  tube  become 
covered  with  laminated  crystals.  (Dessaignes.)  IT. 

Aqueous  asparagine  does  not  precipitate  baryta-water.  (Plisson.) 
Aqueous  asparagine  forms  with  lime-water  an  alkaline  mixture,  yield- 
ing crystals  of  asparagine,  which  redden  litmus  a^ain  after  washing,  but 
contain  a  little  lime.  (Biltz.)  —  %.  Asparagine  dissolves  lime,  but  the 
compound  does  not  crystallize,  and  could  not  be  obtained  without  excess 
of  lime.  When  heated  to  100°,  it  gives  off  a  small  quantity  of  ammonia. 
When  dried  in  vacuo  and  decomposed  with  oxalic  acid,  it  yielded  20'66, 
2050,  and  20*62  p.  c.  lime,  and  84*97  asparagine  dried  at  130°.  The 
formula  C^N'H^CaO*  requires  18*60  p.  c.  lime,  and  84*41  p.  c.  asparagine, 
C«N*H«0«.  (Dessaignes.)  f. 

Ac|ueous  asparagine  docs  not  precipitate  tartar-emetic,  basic  acetate 
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of  lead,  ferric  or  ferrous  salts,  or  nitrate  of  siirer  (Plisson);  or  proto- 
cbloride  of  tin  (Trommsdorff) ;  or  the  salts  of  manganese  or  copper 
(Plieson  &  Henry). 

Atparagine  wWh  Zinc-oxide,  —  A  solution  of  sine-oxide  in  boiling 
aqueous  asparagine  yields,  on  cooling,  crystalline  laminsd,  which  giro 
oflf  only  a  trace  of  water  at  100'';  they  contain  25  17  per  cent  of  «inc- 
oxide,  and  are  therefore  =  C^N'H'Znd*.     (Dessaignes  &  Chautard.) 

%,  Asparagine  anth  Cadmic  oxide,  —  Cadmio  oxide  dissolves  readily 
in  aqueous  asparagine;  and  the  liquid,  if  filtered  hot,  deposits  on  cooling 
a  large  quantity  of  delicate  shining  prisms.  (Dessaignes.) 

Dried  in  vacuo,  DessAignes. 

CdO   64     ....     34*05     34'66 

C8N«H80« 124     ....     65-95 

C<N2H7CdO« 188     ....  100-00  H. 

Asparagine  with  Lead-oxide.  Asparagine  boiled  with  an  aqueous 
solution  of  neutral  acetate  of  lead,  slowly  drives  out  the  acetic  acid  and 
forms  a  solution,  which,  when  evaporated  over  oil  of  vitriol,  leaves  a 
colourless  gum,  difficult  to  dry  even  at  100°.  —  The  aqueous  solution  of 
I  At.  asparagine  and  2  At.  nitrate  of  lead  leaves  a  gum  but  no  crystals 
when  evaporated.  (Dessaignes  &  Chautard.) 

Asparagine  unth  Cuprie  Oxide.  —  1.  The  azure-blue  solution  obtained 
by  boiling  asparagine  with  cuprie  oxide  and  water  deposits  an  azure-blue 
crystalline  powder.  —  2.  Better :  A  mixture  of  the  hot-saturated  solutions 
of  asparagine  and  cuprie  acetate,  3delds,  especially  when  heated,  an  ultra- 
marine-coloured precipitate  which  increases  as  the  liquid  cools.  —  The 
compound  does  not  give  off  any  water  when  heated  to  100°  in  a  dry 
current  of  air,  but  decomposes  at  a  higher  temperature,  with  copious 
evolution  of  ammonia.  It  is  nearly  insoluble  in  cold  water,  dissolves 
sparingly  in  hot  water,  readily  in  acids  and  in  ammonia.  If  the  copper 
be  thrown  down  from  the  solution  of  this  salt  by  sulphuretted  hydrogen, 
the  filtrate  yields  by  evaporation,  crystallized  asparagine  in  its  original 
state.  (Piria.) 


CuO   

8  C    

40 

48 

....     24-54     .... 

....        £\/''ki}        •••■ 

....      17*lo      .... 
4*29 

....     24-54     ... 

Piria. 
....     24-39 
....     29-36 

2N    

28 

....     17-25 

7  H    

7 

4-43 

5  O    

40 

....     24-57 

C'WH'CuO* 

163 

....  10000     ... 

10000 

If.  When  1  At.  asparagine  and  1  At.  cuprie  sulphate  were  dissolved 
together,  the  mixture  yielded  on  cooling,  needles  of  the  compound  of 
asparagine  with  cuprie  oxide.  The  liquid  filtered  therefrom,  wnich  was 
blue  and  strongly  acid,  could  not  be  made  to  crystallize.  It  contained 
asparagine,  sulphuric  acid  and  cuprie  oxide.  The  reaction  may  be  repre- 
sented by  the  following  equation: 

2C9N'H80«  +  2(CuO,80»)  =  C»N»H7CuO«  +  C8N»H80«,HO,SO»  +  CuO,SO«.  if. 

Asparagine  with  Mercuric  Oxide.  —  Red  oxide  of  mercury  dissolves 
readily  in  hot  aqueous  asparagine,  forming  a  colourless  liquid^  which  after 
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'  conoentration  fonns  a  white  precipitate  with  water,  and  dries  ap  to  a 
gum.  This  gum  Rwells  up  at  100  ,  assuming  a  dark  grey  colour,  and  if 
then  dissolved  in  water,  leaves  a  large  quantity  of  grey  powder,  which, 
when  triturated  with  gold  and  hydrochloric  acid,  amalgamates  the  gold. 
(Dessaignes  &  Chautard).  — %.  On  gradually  adding  mercuric  oxide  to  a 
hot  solution  of  asparagine  till  it  no  longer  dissolves,  and  then  filtering 
and  evaporating,  the  liquid  dried  up  to  a  gummy  mass,  which,  after 
drying  in  vacuo,  contained  only  41*49  p.  c.  mercuric  oxide,  instead  of 
46*76,  the  quantity  required  by  the  formula  C^N^H'O^  HgO.  — Aspara- 
gine was  added  in  excess  to  boiling  water  in  which  mercuric  oxide  was 
suspended,  and  the  liquid  boiled,  till  the  oxide  was  converted  into  a  per- 
fectly white  powder.  This,  after  being  several  times  washed  with  boiling 
water,  yielded  results  which  did  not  agree  exactly  either  with  the  formula 
C^N'H^O*,  2HgO,  or  with  <?N*H«0«,  2HgO,  as  the  following  comparison 

will  show.  (Dessaignes.) 

Calculation. 

Dessaignes.  CfN«H70«,2HgO    C8N«H80»,2HgO. 


Mercuric  oxide 62-61     ....     62*90    63'71     6207 

Asparagine  (dried  at  UO**)    41*76     ....     4140     38-93     37*93 

104-37     ....  104-30     102-64     10000 

Asparagine  with,  Mercuric  Chloride,  —  When  1  At.  asparagine  and 
2  At.  mercuric  chloride  were  dissolved  together  in  water,  the  liquid 
yielded  on  cooling,  a  mixture  of  delicate  prisms  and  large  crystals,  the 
latter  consisting  of  asparagine;  but  a  solution  of  1  At.  asparagine  and 
4  At.  mercuric  chloride  yielded  a  homogeneous  crop  of  crystals  resem* 
bling  the  slender  prisms  above  mentioned.  (Dessaignes.) 

Dried  invaeuo^  Dessaignes. 

C8N5HW   132-0  ....  19*61 

4Hg  400-0  ....  59-36  59*10 

4  CI 141-6  ....  21-03  21-62 

CWH«K)«,4HgCl  673*6    ....  100*00  % 

Asparagine  with  Silver-oxide,  —  Oxide  of  silver  dissolves  very  readily 
In  boiling  aqueous  asparagine;  and  the  colourless  filtrate  evaporated  in 
the  dark  over  oil  of  vitnol,  yields  crystals  united  in  fungoid  masses, 
which  are  black  by  reflected  and  yellowish  brown  by  transmitted  light. 
After  drying  in  vacuo  over  oil  of  vitriol,  they  contain  45*77  p.  o.  silver, 
and  are  therefore  =  C'N'H'AgO". 

Asparagine  with  Nitrate  of  Silver.  —  The  aqueous  solution  of  1  At. 
asparagine  and  1  At.  nitrate  of  silver,  yields,  when  evaporated  in  the 
dark  over  oil  of  vitriol,  first  crystals  of  asparagine,  then  dendritic  crystals, 
which,  after  drying  over  oil  of  vitriol,  contain  41*33  per  cent,  of  silver. 
A  mixture  of  2  At.  nitrate  of  silver  and  1  At.  aspara^ne,  yields  by 
evaporation,  crystalline  discs  consisting  of  very  fine  needles,  which  give 
off  nothing  at  100^  contain  47*7,  and,\  after  recrystallization  from  water 
and  drying  at  100"*,  45*29  p.  c.  silver:  they  are  therefore  perhaps 
=  C*N»HW,  2(AgO,  N0».)  (Dessaignes  &  Chautard.) 

Asparagine  is  insoluble  in  cold  absolute  alcohol  (Plisson  &  Henry);  it 
is  insoluble  in  cold^  but  dissolves  in  700  pts.  of  boiling  alcohol  of  98  per 


CREATINE.  249 

cent.  (Biltz);  it  dissolves  in  1000  pis.  of  cold  and  290  pts.  of  boiling 
alcohol  of  80  per  cent;  and  in  500  pts.  of  cold  and  40  pts.  of  boiling 
alcohol  of  60  per  cent.  (Biltz.) 

It  does  not  dissolve  in  ether,  or,  even  with  the  aid  of  heat^  in  oils  either 
fixed  or  volatile.  (Plisson  &  Henry.) 

Oxalate  of  Agparagine. — An  aqueons  solution  of  150  pts.  (1  At.) 
crystallized  asparagine  and  126  pts.  (1  At.)  hydrated  oxalic  acid,  yields 
by  evaporation,  a  homogeneous  mass  consisting  of  very  small  crystals, 
which,  after  drying  in  vacuo,  amount  to  222  pts.  and  give  off  nothing  at 
100°.  Consequently,  6  At.  of  water  have  escaped,  and  there  remains  the 
compound  C'N*H*0*,  C*H W.  —  An  aqueous  solution  of  2  At.  asparagine 
and  1  At.  oxalic  acid  in  water,  yields  by  evaporation  a  crystalline 
mixture  of  the  same  compound  and  pure  asparagine.  (Dessaignes  & 
Chantard.) 

%  MaJamide.  C'N'H®0*.  —  Isomeric,  if  not  idenHedl\with  atparoffifU.-- 
Obtained  by  the  action  of  ammonia  on  malamio  ether.  When  malamio 
ether  is  dissolved  in  alcohol  and  ammoniacal  gas  passed  through  the  solu- 
tion)  pure  malamide  separates  out  in  roundish  nodules.  —  Or  the  same 
result  may  be  more  easily  attained  by  mixing  malic  ether  with  strong 
alcohol,  passing  dry  ammoniacal  gas  through  the  liquid  and  then  leaving 
it  at  rest.  Malamide  appears  to  resemble  asparagine  in  most,  if  not  in 
all,  its  properties.  Crystallizes  from  its  aqueous  solution  by  slow  evapo- 
ration in  vacuo,  in  right  rectangular  prisms  with  dihedral  summits,  whoso 
faces  meet  at  an  angle  of  92°  5tf.  (Demondesir,  Campt.  rend.  33,  227 ; 
Paatenr,  iV\  Ann,  Chim.  Phys.  38,  437;  Jahresber.  1853,  411.)  % 


c.    NUrogen-nuolei. 
a,  Nitrogcn^nucUus.    CN'AdH'. 

Creatine. 

C«N'H'0*=  C»N>AdH^O*. 

CuBVREUL.     J.  Pharm,  21,  234;  also  J,  pr,  Ckem,  6,  120. 

Max  Pettenkofer.     Ann.  Pharm.  52,  97. 

LiBBia.     Ann.  Pharm.  62,  282. 

Heintz.    Pogg.  62,  602;  70,  460;  73,  696;  74,  'i25.  —  C<mpt.  rend, 

24,  500. 
Greqobt.     Chem.  Soc.  Qu.  J.  1,  25;  also  Ann.  Pharm.  64, 100. 

iTr^ahn,  0^/tii«.~  Discovered  in  1835  by  Chevreul  in  the  juice  of 
flesh;  more  minutely  examined  by  Liebig  in  1847. 

Sources.  In  the  muscular  flesh  of  mammalia,  birds,  amphibia,  and 
fishes.  Lean  horse-flesh  contains  0*070,  and  the  flesh  of  poultry  0'35  per 
cent.  That  of  the  marten  yields  less  than  that  of  poultry,  but  more  than 
that  of  other  mammalia;  after  horse-flesh  follow  in  decreasing  series  the 
flesh  of  the  fox,  roe-buck,  stag,  hare,  ox,  sheep,  pig,  calf,  and  pike; 
bullock's  heart  contains  a  large  quantity  of  creatine.     Fat  animals  yield 
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mncli  less  creatine  than  lean  ones;  e,  g.  a  fox  fattened  on  meat  for  100 
days,  yields  only  J^  as  mnch  as  one  that  has  been  killed  in  the  chase. 
^  (Liebig.)  —  Ballock's  heart  yields  01 42;  the  flesh  of  poultry  0*321;  thai 
of  the  pigeon  0'083,  that  of  GaduB  morrhua  0*170;  and  that  of  the  Raja 
0*061  per  cent.  (Gregory.)  Human  flesh  yields  0*067  p.  c,  and  that  of 
the  alligator  likewise  contains  creatine  (Scblossberger,  Ann.  Fharm,  66« 
80;  49^  344.)  —  The  flesh  of  the  Rorqual  whale  (Bakenoptera  musctUtu) 
likewise  yields  a  small  quantity  of  creatine.  (D.  Price,  Chem,  Soc,  Qtt,  J, 
S,  229.)  —  Pettenkofer  admits  the  existence  of  creatine  in  human  urine; 
Liebig,  that  of  creatine  and  cratinine  together;  but  from  Heintz*6  expe- 
riments, it  appears  probable  that  human  urine  contains  only  cratinine, 
and  that  the  precipitate  obtained  by  treating  the  alcoholic  extract  of 
urine  with  chloride  of  zinc,  is  only  a  cratinine-compound,  in  the  decom- 
position of  which,  however,  part  of  the  cratinine  is  converted  into  creatine. 
This  however  does  not  explain  why  the  zinc-precipitate  obtained  by 
Liebig  from  fresh  human  urine  yields  creatine  by  decomposition  as  well  as 
cratinine,  whereas  that  which  is  obtained  from  putrid  urine  yields  only  the 
latter.  —  Heintz  supposes  further  that  creatine  is  a  product  of  muscular 
movement,  and  is  discharged  as  an  excrementitious  matter  in  the  urine 
in  the  form  of  cratinine,  and  therefore  cannot  well  be  regarded  as  an 
essential  nutritive  constituent  of  meat.  —  Creatine  is  likewise  found, 
together  with  cratinine  and  seroline  in  blood.  (Verdeil  &  Marcet,  Ji,  •/• 
Pliarm.  20,  89.) 

Formation,    From  cratinine  {q.  v.) 

Preparation,  1.  From  Muscular  Flesh,  — a.  The  aqueous  extract  of 
beef  is  evaporated  in  vacuo;  the  residue  exhausted  with  alcohol,  and  the 
alcohol  evaporated  till  the  creatine  crystallizes  out.  The  greater  portion 
remains  however  in  the  mother-liquor,  being  prevented  from  crystallizing 
by  the  presence  of  foreign  bodies.  (Chevreul.^  In  a  similar  manner, 
Schlossberger  obtained  creatine  from  the  flesh  ol  the  alligator:  he  purified 
the  crystals  by  washing  with  Cold  alcohol. 

b.  The  fresh  lean  muscular  flesh  of  mammalia  or  birds,  is  freed  as 
much  as  possible  from  fat,  (which  would  stop  up  the  press-bag  when  the 
meat  is  subjected  to  pressure,)  and  chopped  up  fine;  5  lbs.  of  it  then  well 
kneaded  with  an  equal  weight  of  water;  the  liquid  well  pressed  out  in  a 
coarse  linen  bag;  the  residue  twice  treated  with  water  in  a  similar 
mauner;  5  lbs.  of  muscular  flesh  kneaded  together  with  the  second  ex- 
pressed liquid;  the  residue  kneaded  with  the  third  expressed  liquid,  and 
then,  after  pressure,  with  5  lbs.  of  pure  water;  and  the  united  liquids 
strained  through  a  cloth.  The  resulting  reddish  liquid,  which  reddens 
litmus,  is  kept  at  lOO"*  in  a  large  glass  flask  over  the  water-bath,  till 
the  albumin  and  blood-red  have  completely  separated  in  the  form  of  a 
coagulum,  and  a  sample  of  the  liquid  remains  clear  when  boiled.  To 
decolorize  the  liquid  obtained  from  some  kinds  of  meat,  it  must  be 
heated  in  a  basin  'till  it  froths  up.  The  liquid  is  then  strained,  first 
through  linen,  the  coagulum  being  pressed  out,  then  through  paper. 
—  The  filtrate  obtained  from  the  flesh  of  the  ox,  roe-buck,  hare  or  fof,  which 
contains  a  large  quantity  of  blood,  retains  a  reddish  tint ;  that  from  veal,  poultry  or 
pike  is  nearly  colourless;  game  and  poultry  yield  a  nearly  transparent  filtrate,  which  is 
very  favourable  to  the  obtaining  of  creatine ;  horse-flesh  and  pike  yield  a  turbid  filtrate. 
If  the  filtrate  were  evaporated  alone,  even  below  100**,  it  would  become  coloured,  in 
consequence  of  the  presence  of  free  acid  which  would  decompose  the  creatine,  —  and 
leave  a  dark-brown  syrup  having  the  odour  of  roast  meat,  which  would  yield  but  a  very 
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gmall  quantity  of  creatine,  eyen  after  long  standing.  This  appears  to  be  the  reason 
why  BenEclius  (Jahresber,  8,  589)  and  Pr.  Simon  {N.  Br,  Arch.  26,  283)  dSd'not 
sacceed  in  preparing  creatine.  —  The  filtrate  is  then  mixed  with  saturated 
baryta -water,  the  addition  of  that  liquid  being  continued,  even  after  the 
filtrate  has  been  rendered  neutral  or  alkaliue  by  it>  as  long  as  a  precipitate  '. 
of  phosphate  of  baryta  and  phosphate  of  magnesia  continues  to  form; 
the  filtrate  evaporated  in  a  shallow  basin  over  the  water-bath  to  -^;  and 
the  thickish  residue  set  aside,  first  in  a  warm  place  to  evaporate  further, 

and  then,  affcer  crystallization  has  commenced,  in  the  cold The  filtrate 

from  poultry  remains  clear  when  CTaporated,  and  becomes  covered  with  a  film  of 
carbonate  of  baryta  if  too  much  baryta-water  has  been  added ;  that  from  beef  becomes 
ooyered,  when  concentrated  to  a  thin  syrup,  with  a  mucous  scum  which  swells  up  in 
water,  but  is  insoluble  and  must  be  removed ;  and  that  from  veal  or  horse-flesh  with 
films  which  are  continually  renewed  and  must  be  continually  skimmed  off.  —  The 

needles  thus  obtained  are  separated  from  the  mother-liquor  by  filtra- 
tion, washed  first  with  water  then  with  alcohol,  and  dissolved  in  boiling 
water;  and  the  solution,  if  coloured,  digested  with  a  small  quantity  of 
blood-charcoal,  then  filtered,  and  left  to  cool,  whereupon  it  yields  pure 
crystals  of  creatine.  (Liebig.)  —  If  a  sufficient  quantity  of  baryta-water 
hsLti  not  been  added,  the  crystals  will  be  contaminated  with  phosphate  of 
magnesia.  In  that  case,  the  hot  aqueous  solution  must  be  boiled  with  a 
small  quantity  of  hydrated  oxide  of  lead;  digested,  after  filtration,  with 
blood-charcoad,  which  removes  the  last  traces  of  lead;  and  the  filtrate 
again  left  to  crystallize.  (Liebig.) 

c.  As  the  chopped  flesh  of  pike,  when  boiled  with  water,  swells  up 
to  a  gummy  mass,  from  which  the  liquid  cannot  be  expressed,  a  mixture 
of  the  chopped  flesh  with  water  must  be  thrown  upon  a  funnel;  small 
quantities  of  water  allowed  to  run  gradually  through;  and  the  slightly 
turbid,  acid  liquid,  which  smells  and  tastes  of  fish,  separated  from  the 
soft,  white  coagulum,  precipitated  with  baryta  water,  then  filtered  and 
evaporated.  It  then  forms  on  cooling  a  colourless  jelly,  in  which,  in 
the  course  of  24  hours,  crystals  of  creatine  begin  to  form.  (Liebig.) 

The  extract  of  the  flesh  of  poultry  or  pigeons  deposits  brown  flakBs, 
together  with  the  creatine  crystals;  —  the  flesh  of  bullock's  heart  often 
yields  but  few  of  the  purer  crystals,  but  a  considerable  quantity  of  brown 
flakes,  from  which  boiling  water  extracts  a  large  additional  quantity  of 
creatine.  From  skate  and  cod  the  juice  may  be  easily  expressed,  after 
the  flesh  has  been  mixed  with  rather  more  than  equal  quantit]^  of  water; 
the  jelly  ultimately  obtained  from  it,  in  which  the  creatine-crystals 
form,  dissolves  readily  in  cold  water,  and  deposits  more  crystals;  the 
flesh  of  cod  yields  the  whitest  creatine.  —  From  the  syrupy  mother- 
liquors  of  crude  creatine,  chloride  of  zinc  does  not  deposit  any  chloride 
of  zinc  and  cratinine,  or  only  a  trace;  but  the  mother-liquors  obtained 
in  the  recrystallization  of  crude  creatine  yield  this  precipitate  on  addi- 
tion of  chloride  of  zinc.  (Gregory.) 

2.  From  Chlat^ide  of  Zinc  and  Cratinine.  —  a.  The  solution  of  this 
compound  in  boiling  water  is  digested  with  hydrated  oxide  of  lead,  till  it 
acquires  a  strong  alkaline  reaction;  filtered  from  the  oxide  of  zinc  and 
basic  hydrochlorate  of  lead-oxide;  digested  with  a  little  blood-charcoal, 
which  removes  the  small  remaining  quautity  of  lead,  together  with  fibrin; 
the  filtrate  evaporated  to  dryness;  and  the  remaining  mixture  of  creatine 
and  cratinine,  treated  with  an  eightfold  quantity  of  boiling  alcohol  to 
dissolve  out  the  latter  :  the  alcohol,  on  cooling,  likewise  deposits  crystals 
of  creatine,  tvbich*are  added  to  the  undissolved  residue  of  creatine,  and 
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the  whole  purified  by  recrystallization.  (The  alcohol  filtered  after 
cooling  deposits  cratinine.)  (Liebig.)  —  6.  The  boiling  aqueous  solution 
of  the  zinc  compound  is  treated  with  baryta-water^  which  precipitates 
zinc-oxide,  together  with  the  greater  part  of  the  adhering  fibrin;  car- 
bonic acid  gas  passed  through  the  filtrate;  the  liquid  again  filtered  to 
separate  carbonate  of  baryta;  the  filtrate  evaporated  to  dryness  in  vacuo; 
the  residue  exhausted  with  alcohol;  the  baryta  which  has  been  taken  up 
by  the  alcohol  as  chloride  of  barium,  precipitated  by  sulphuric  acid;  the 
liquid  again  filtered,  boiled  with  oxide  of  lead,  treated  with  absolute 
alcohol  to  precipitate  all  the  chloride  of  lead,  and  filtered  from  chloride 
and  sulphate  of  lead;  any  lead  that  may  yet  remain  dissolved,  removed 
by  sulphuretted  hydrogen;  and  the  filtrate  evaporated  to  dryness  in  the 
water-bath.  (Pettenkofer.^  The  residue  thus  obtained  contains  cratinine 
as  well  as  creatine.  (LieDig.)  —  c.  The  boiling  aqueous  solution  of  the 
zinc-compound  is  mixed  with  ammonia  till  it  begins  to  show  turbidity, 
and  then  precipitated  with  hydrosulphate  of  ammonia;  the  filtrate  evapo- 
rated to  a  small  bulk,  and  mixed  with  absolute  alcohol;  and  the  crystals 
of  creatine,  which  separate  from  the  liquid  after  long  standing  in  the 
cold,  purified  by  recrystallization  from  water.  (Heintz.)  —  [The  cratinine 
remains  in  the  alcoholic  mother-liquor.] 

The  crystals  of  creatine  obtained  by  either  of  these  processes  may 
be  freed  from  water  of  crystallization  by  heating  them  to  100°.  (Liebig.) 

Properties.  White  opaque  mass.  (Liebig.)  Inodorous,  without 
perceptible  taste.  ^Chevreul.)  Has  a  somewhat  bitter  taste,  and  scratches 
m  the  throat.  (Lieoig.)    Neutral  to  vegetable  colours.  (Chevreul.) 
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a  was  obtained  from  meat ;  b  and  o  from  the  chloride  of  zinc  and  cratinine  prepared 
from  human  urine. 

DecGmposUumtt.  1.  Hydrated  creatine  when  heated,  first  gives  off 
its  water  of  crystallization  with  decrepitation;  then  melts  without 
becoming  coloured;  afterwards  emits  an  odour  of  ammonia,  hydrocy- 
anic acid  and  phosphorus;  and,  lastly,  gives  off  yellow  fumes,  which 
condense  partly  to  an  oil,  partly  to  needle-shaped  crystals,  and  leaves 
a  small  quantity  of  charcoal.  (Uhevreul.)  The  charcoal  is  difiicult  to 
bum.  (Schlossberger.)  —  2.  The  solution  of  creatine  in  aqueous  hyper- 
manganate  of  potash  is  decolorized  by  continued  digestion,  without  evo- 
lution of  gas,  the  creatine  being  decomposed  and  carbonate  of  potash 
formed.  (Liebig.)  The  aqueous  solution  of  creatine  is  not  decomposed 
by  boiling  with  peroxide  of  lead.  (Liebig.)  It  is  not  coloured  by  boiling 
with  mercuric  nitrate.  (Chevreul.)  —  3.  Creatine  dissolved  in  strong 
nitric,  sulphuric,  phosphoric,  or  hydrochloric  acid,  is  converted  into  cra- 
tinine by  abstraction  of  2H0,  the  cratinine  then  combining  with  the 
acid.  (Liebig.)  —  But  if  these  acids  are  dilute,  the  creatine  remains 
unaltered,  even  after  long  boiling,  and  the  solution  in  cold  hydrochloric 
acid  leaves^  by  spontaneous  evaporation,    crystals^  of  pure  creatine. 
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(Liebig.)  —  If  dry  hydrochloric  acid  gas  be  passed  over  149  pts.  (1  At.) 
of  hydrated  creatine  heated  to  100°  in  Liebig's  drying  apparatus,  the 
weiffht  first  increases  by  absorption  of  hydrochloric  acid;  but  if  dry  air 
be  tnen  passed  through  the  apparatus  for  some  time,  water  is  continu- 
ously giren  off,  and  the  compound  diminishes  in  weight,  till  it  amounts 
to  only  154*16  pts.  and  contains  38*05  pts.  (a  little  more  than  1  At.) 
hydrochloric  acid.  Hence  36  pts.  (2  At.)  of  water  of  crystallization,  and 
2  At.  more  produced  from  the  creatine),  hare  been  given  off,  and  on 
the  other  hand,  38*05  pts.  (1  At.)  hydrochloric  acid  have  entered  into 
combination  with  the  hydrated  creatine  : 

C?N»H"()«  +  HCl  =  C8N3H70«,HCl  +  4H0. 

131  pts.  (1  At.)  of  dry  creatine  similarly  treated  with  hydrochloric 
acid  gas  take  up  about  18*04  pts.,  because,  in  this  case,  only  18  pts. 
(2  At.)  water  are  given  off  for  every  36*4  pts.  (1  At.)  hydrochloric  acid 
taken  up.  (Liebig.)  —  The  colourless  solution  of  creatine  iu  nitric  acid 
of  sp.  gr.  1*34  gives  off  nitrous  fumes  when  heated  in  the  water-bath, 
and  leaves  on  evaporation  a  colourless  residue  [of  nitrate  of  cratinine  ?], 
which  dissolves  in  water,  separates  out  therefrom  in  small  granules,  and 
does  not  precipitate  bichloride  of  platinum.  (Chevreul.)  —  4.  By  boiling 
with  a  small  quantity  of  baryta  dissolved  in  water,  creatine  is  resolved 
into  sarcosine  (ix.  432),  and  urea,  which  is  then  quickly  resolved  by  the 
baryta  into  carbonic  acid  and  ammonia.  (Liebig)  : 

C8N»H90*  +  2H0  «  CNH'CH  +  (?N«H*Os. 

An  aqueous  solution  of  creatine  saturated  at  a  boiling  heat,  and  mixed 
with  crystals  of  baryta  amounting  to  10  times  the  weight  of  the  creatine, 
remains  clear  at  first,  but,  if  the  boiling  be  continued,  gives  off  abun- 
dance of  ammonia;  deposits  carbonate  of  baryta  at  the  same  time;  and,  if 
fresh  baryta  be  added  from  time  to  time,  is  ultimately  found  to  contain 
scarcely  any  thing  but  sarcosine  and  carbonate  of  baryta;  and,  if  the 
operation  be  interrupted  during  the  strongest  evolution  of  ammonia, 
likewise  a  little  urea.  A  small  quantity  of  another  substance,  probably 
urethane  (ix.  274),  is  however  produced  at  the  same  time;  for  if  the 
alcohol  from  which  the  sulphate  of  sarcosine  has  crystallized  out  (ix,  433) 
be  mixed  with  water,  neutralized  with  carbonate  of  baryta,  filtered  and 
evaporated  to  a  thin  syrup,  colourless  needles  and  laminas  are  obtained, 
which  redden  litmus  very  slightly,  fuse  and  volatilize  when  heated,  without 
leaving  baryta,  dissolve  in  water,  in  alcohol,  and  in  30  pts.  of  ether,  and 
whose  aqueous  solution  does  not  precipitate  the  salts  of  baryta  lime  or  silver, 
or  neutral  acetate  of  lead^  or  corrosive  sublimate.  (Liebig.)  —  5.  The 
aqueous  solution  becomes  turbid  by  long  standing  (if,  according  to 
Liebig,  it  contains  a  trace  of  foreign  organic  matter),  and  evolves  a 
sickening  ammoniacal  odour.  (Chevreul.^  —  IT.  6.  When  nitrous  gas  is 
passed  into  a  solution  of  creatine  in  nitric  acid,  an  alkali  is  formed, 
having  the] composition  C^NH^  (Dessaienes,  Compt,  rend,  38,  839;  see 
also  ix.  378.)  —  7.  When  an  aqueous  solution  of  creatine  is  heated  with 
mercuric  oxide,  carbonic  acid  is  evolved,  and  methylnraniine  (C*N^H') 
obtained  in  the  form  of  an  oxalate.  (Dessaignes,  ix.  357): 

2C»NSH«0*  +  lOO  «  2CWH7,C^H208  +  400^  +  2HO.     i:. 

CotnhineUions,     a.  With   Water,  —  «.  HydrcUed  Creatine,  Crystals  of 
Creatine.  —  Creatine,  crystallizes  from    its   aqueous  solution   in  trans- 


254     PRIMART  NUCLEUS  C^H":  NITROGBN-NUCLEUS  CTPAdH? 

pareot,  colourless,  higlilj  lastrous,  oblique  rhombic  prisms  and  needles, 
resembling  in  form  those  of  neutral  acetate  of  lead  (Liebig).  {^i^f-  ^1, 
together  with  the  ^face;  i:f=108°55';  w:w=46°58':  Heintz).  In 
nacreous  rectangular  prisms  (Chevreul);  in  cubes  (Schlossberger).  — 
Their  specific  gravity  lies  between  1*35  and  1*84.  (Chevreul.)  When 
covered  with  a  non-exhausted  bell-jar,  thej  effloresce  on  the  surface,  and 
become   covered  with   a  mealy  powder,   giring  off   2*84   p.  c.  water 

f Heintz);  at  100°  they  become  quite  opaque,  and  give  off  12*17  p.  c 
Liebig)j  1308  p.  c.  (Heintz.) 
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/?.  AqwcAU  Ct'eatine,  —  Creatine  dissolves  in  83  pts.  of  water  at  18° 
(Chevreul),  in  74*4  pts.  (Liebig);  it  dissolves  abundantly  in  hot  water, 
so  that  a  solution  saturated  at  the  boiling  boat  solidifies  on  cpoling  in  a 
mass  of  delicate  needles. 

b.  Wiih  Acids.  Creatine  dissolves  slowly  in  oil  of  vitriol  and  without 
colour  in  strong  hydrochloric  acid.  (Chevreul.)  It  does  not  neutralize 
the  weakest  acid,  even  when  added  in  very  large  quantity.  (Liebig.) 

1.  SuJpIiaU  of  Creaii7ie.  C«N»H'0*,HO,SO',  and  the  ffydrochlorafe 
C*N'H'0*,HCI,  are  obtained  in  fine  prisms  by  dissolving  creatine  in  the 
proper  quantity  of  acid,  and  evaporating  the  solution  at  30°  or  in  vacuo; 
they  are  soluble  in  water  but  not  deliquescent.  (Dessaignes.) 

titrate  of  Creatine,  —  1.  Obtained  by  dissolving  crystallized  creatine 
in  the  requisite  quantity  of  nitric  acid,  and  evaporating  the  solution  at  30°. 
—  2.  By  passing  a  rapid  stream  of  nitrous  gas  through  water  containing 
an  excess  of  creatine  in  suspension.  The  creatine  dissolves  with  tolerable 
rapidity,  and  a  considerable  quantity  of  small  shining  crystals  of  the 
nitrate  are  formed,  which,  when  recrystallized  by  dissolving  them  in 
lukewarm  water  and  cooling,  form  thick  short  prisms.  This  salt  is  less 
soluble  in  water  than  the  sulphate  or  hydrochlorate.  The  solution  has 
a  very  sour  taste,  and  is  decomposed  by  ammonia  with  precipitation  of 
creatine.  (Dessaignes.)    Compt  rend.  38,  839;  Ann.  Pharm.  92,  409. 


CrysiaU, 
C8]SJSH904    131 

HO,NO*  54 


Dessaignes. 
C7-53 
32*47     32-36 


C8N3H»0*,HO,NO» 


185 


100*00 


By  dissolving  1*057  grm.  of  creatine  in  a  quantity  of  nitric  acid  containing  0*447 
grm.  HOyNO*,  and  evaporating  at  30**,  Dessaignes  obtained  1*373  grms.  of  crystallised 
nitrate;  the  formula  requires  1*376.    %. 

From  a  solution  in  warm  barytarwater  creatine  crystallizes  on  cooling 
without  taking  up  any  baryta.  (Liebig.) 

The  aqueous  solution  of  creatine  does  not  precipitate:  Chloride  of 
barium,  subacetate  of  lead,  ferric  sulphate,  cupric  sulphate,  nitrate  of 
silver,  or  bichloride  of  platinum.  (Chevreul.^  —  It  does  not  precipitate 
chloride  of  zinc,  unless  it  contains  cratinine.  (Heintz.)  —  The  warm  non- 
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boiling,  aqueoas  solution,  added  to  cliloride  of  zinc,  does  not  throw 
down  any  crystalline  compound,  but  yields  the  creatine  in  the  separate 
state  on  cooling.  (Liebig.)  On  boiling  the  mixture,  the  zinc-precipitate  is 
formed  (Heintz),  probably  from  conversion  of  the  creatine  with  cratinine. 

Creatine  dissolves  in  2000  pts.  of  alcohol  of  sp.  gr.  0*810  at  15° 
(Chevreul);  it  dissolves  in  9410  pts.  of  cold  absolute  alcohol,  more  readily 
in  hydrated  alcobol.  (Liebig.) 

It  is  nearly  or  quite  insoluble  in  ether.  (Heintz.) 


p.    NUrogen-nucleus.    C"N'H«0». 

Cratinine. 

C«N»H'0*=  C«N«H»0«,H». 

LiBBio.     Ann.  Tkarm.  62,  298  and  324. 
Heintz.     Fogg,  62,  602;  73,  595;  74,  125. 

Kraihun,  Kreaiinm,  Cfriatinine.  Oa  account  of  the  too  great  similarity  between 
the  words  ertatvu  and  erea/tfitii«,  which  might  lead  to  confusion,  I  propose  to  drop 
the  e  in  the  first  syllable  of  the  latter.  (Gm.)  —  Heintz  and  Pettenkofer  in  1 844, 

and  nearly  at  the  same  time,  discovered  in  human  urine  a  nitrogenous 
substance  which  formed  a  crystalline  precipitate  with  chloride  of  zinc. 
The  crystalline  sabstance  separated  from  this  precipitate  was  regarded 
by  Pettenkofer  as  a  peculiar  compound  =C'N'H®0'  [plainly  a  mixture  of 
creatine  and  cratinine],  by  Heintz,  at  first  as  an  acid,  and  afterwards  as 
creatine,  —  till  Liebig,  in  1847,  showed  that  it  was  a  mixture  of  creatine 
and  cratinine  together,  —  which  cratinine  he  had  just  before  discovered 
and  investigated,  having  obtained  it  by  decomposing  creatine  with  con- 
centrated acids. 

Sources.  -—  1 .  In  hnman  urine  to  the  amonnt  of  0'5  per  cent.  (Petten- 
kofer), and,  according  to  Heintz,  likewise  in  the  urine  of  horses  and  other 
mammalia.  Socoloff  has  likewise  found  it  in  the  urine  of  horses  and  of 
calves.  —  2.  In  muscular  flesh.  As  it  occurs  in  the  mother-liqnor  of  tho 
creatine  prepared  from  flesh,  and  as  dilute  acids  do  not  convert  creatine 
into  cratinine,  we  cannot  suppose  that  this  cratinine  of  muscular  flesh  is 
formed  by  heating  the  decoction  of  the  flesh.  (Liebig.)  •— 3.  In  blood* 
(Verdeil  k  Marcet;  see  p.  250.) 

Formation*  From  creatine^  by  the  action  of  the  stronger  mineral 
acids. 

Preparation  —  1 .  From  human  urine.  —  a.  Fresh  human  urine  is 
neutralized  with  carbonate  of  soda,  and  evaporated  below  100°  to  a 
syrup  (till  the  salts  crystallize  out,  according  to  Liebig);  this  syrup 
exhausted  with  alcohol;  the  filtrate  mixed  with  a  concentrated  solution, 
—  (alcoholic,  according  to  Heintz),  of  chloride  of  zinc,  which  at  first 
throws  down  a  brown  amorphous  precipitate  containing  zinc  (phosphate 
of  zinc,  according  to  Heintz),  then  after  several  hours,  crystalline  grains; 
the  whole  of  the  precipitate,  after  standing  for  some  time  collected 
on  a  filter,  (Heintz  washes  it  with  weak  alcohol;)  boiled  with  water, 
which  leaves  the  amorphous  precipitate  undissolved;  and  the   filtrate 
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evaporated,  —  ivherenpon  it  yields  yellow  crystals,  which  may  be  freed 
from  adheriDg  salts  by  repeated  boiling  with  strong  alcohol.  (Petten- 
kofer.)  —  6.  Fresh  human  nrine  is  neutralized  with  milk  of  lime;  chloride 
of  calcium  added  as  long  as  a  precipitate  of  phosphate  of  lime  con- 
tinues to  form;  the  filtrate  eraporated  till  the  salts  crystallize  out;  32  pts. 
of  the  mother-liquor  mixed  with  1  pt.  of  chloride  of  zinc  dissolved  in 
the  smallest  possible  quantity  of  water;  the  mixture  set  aside  for  four 
days;  and  the  zinc-compound  which  separates  in  nodules  washed  with 
cold  water.  (Liebig.)  —  c.  Putrid  human  nrine  is  boiled  with  excess  of 
milk  of  lime  till  it  no  longer  gives  off  ammonia;  the  filtrate  evaporated 
to  a  syrup;  and  mixed  as  above  with  chloride  of  zinc;  and  the  crystals 
which  form  after  long  standing,  washed.  (Liebig.) 

To  purify  the  crystals,  it  is  not  good  to  use  bone-charcoal,  which 
occasions  great  loss;  but  they  must  be  dissolved  in  hot  water;  the  solu- 
tion mixed  with  ammonia  till  a  precipitate  begins  to  form;  the  pre- 
cipitation completed  by.means  of  hydrosulphate  of  ammonia;  the  filtrate 
highly  concentrated  and  mixed  with  absolute  alcohol;  the  nearly  white 
crystals  of  creatine  and  cratinine  which  are  obtained  by  cooling  the  solution 
to  a  low  temperature^  dissolved  in  the  smallest  possible  quantity  of  boiling 
water;  the  solution  mixed  with  alcoholic  chloride  of  zinc  and  alcohol; 
and  the  precipitate  which  forms  on  setting  the  liquid  aside  in  a  cold 
place,  washed  with  alcohol.  The  above-mentioned  mother-liquor  of 
creatine,  which  likewise  contains  sal-ammoniac,  also  yields  with  alcoholic 
chloride  of  zinc,  a  precipitate,  which,  when  purified  by  crystalliza- 
tion from  boiling  water,  yields  the  zinc-compound  in  white  crystals. 
(Heintz.) 

The  zinc-compound  is  further  treated  in  the  manner  described  on 
page  251,  252;  the  cratinine  is  then  found  in  the  mother-liquor  of  the 
creatine. 

%.  2.  From  Horse-urine, — The  urine,  which  has  an  alkaline  reaction, 
is  neutralized  with  hydrochloric  acid,  evaporated  to  a  small  bulk,  and 
then  mixed  with  an  additional  quantity  of  hydrochloric  acid;  the  liquid 
separated  from  the  precipitated  hippuric  acid,  neutralized  with  milk  of 
lime,  and  evaporated  nearly  to  dryness  over  the  water-bath;  the  residue 
repeatedly  boiled  out  with  alcohol;  and  the  alcoholic  solntion  mixed 
with  a  small  quantity  of  chloride  of  zinc:  it  then  gradually  deposits  a 
brownish  yellow  precipitate  of  chloride  of  zinc  and  cratinine,  from  which 
creatine  and  cratinine  may  be  obtained  as  above.  (Socoloff^  Ann,  Pharm, 
78,  243.) 

3.  From  Calved  urine.  —  The  fresh  urine  evaporated  to  a  small  bulk 
oyer  the  water-bath,  and  filtered  while  hot  from  the  amorphous  preci- 
pitate thereby  formed,  yields,  after  a  few  days,  a  crystalline  mass  con- 
sisting of  allantoin,  together  with  a  large  quantity  of  phosphate  of  soda 
and  ammonia;  and  on  washing  this  crystalline  mass  with  cold  water, 
and  recry stall izing  the  residue,  crystals  of  pure  allantoin  are  obtained. 
The  mother-liquor  filtered  from  the  allantoin  is  mixed  with  alcohol, 
which  throws  down  sulphates,  nmcous  matter,  the  greater  part  of  the 
phosphates,  and  a  large  quantity  of  colouring  matter;  and  the  filtrate 
which  is  still  considerably  coloured,  is  freed  from  the  remainder  of  the 
phosphoric  acid  by  means  of  chloride  of  calcium,  and  lastly  mixed  with  a 
concentrated  solution  of  chloride  of  zinc:  it  then  yields  a  precipitate  of 
chloride  of  zinc  and  cratinine,  which  continues  to  increase  for  several 
days.  (Socoloff.) 
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4.   From  Blood,  —  A   considerable  qaantity  of  fresh  ox-blood  (10 
litres)  18  freed  from  fibrin  and  blood-corpascles  bj  stirring,  and  fi^m 
albumin  by  heat,  then  filtered  through  linen,  and  evaporated  over  the 
water-bath  with  addition  of  a  little  powdered  gypsum,  which  removes  an 
albuminous  substance  not  coagulable  by  heat,  as  well  as  some  additional 
blood-corpuscles,  and  precipitates  the  saponifiable  fats.     The  liquid  is 
then  evaporated  to  i  of  its  oulk,  again  filtered,  and  the  colourless  filtrate 
evaporated  to  dryness  at  a  very  gentle  heat,  whereupon  nearly  all  the 
chloride  of  sodium  crystallizes  out.     On  treating  the  residue  with  small 
quantities  of  absolute  alcohol  till  nothing  more  is  dissolved,  and  expelling 
the  greater  part  of  the  alcohol  by  heat,  the  solution  yields  on  cooling, 
Bondet's  Serolin   {Ann.  Chim.  Fhys.  52,   337),  the  quantity  of  which 
increases  on  addition  of  a  small  quantity  of  water.  —  The  liquid  filtered 
from  the  serolin,  yields,  on  addition  of  a  small  quantity  of  solution  of 
chloride  of  zinc,  sometimes  immediately,  sometimes  after  a  few  hours,  a 
partly  crystalline,  partly  amorphous  precipitate,  which  is  but  partially 
soluble  in  boiling  water.     The  insoluble  portion  is  resinous,  and  appears 
to  be  a  compound  of  chloride  of  zinc  with  a  peculiar  organic  substance: 
the  soluble  portion  consists  of  chloride  of  zinc  and  crutinine.     The  quan- 
tity thus  obtained  is  however  but  small.  (Verdeil  &  Marcet,  N.  J.  Pharm. 
20,  89.)  % 

5.  From  Muscular  Flesh.  —  The  mother-liquor  of  creatine  (p.  251)  is 
treated  with  alcohol  to  precipitate  the  inosinate  of  potash  or  baryta;  the 
filtrate  evaporated  over  the  water-bath;  the  residue  boiled  out  with 
alcohol,  which  takes  up  all  the  cratinine,  together  with  a  little  creatine, 
and  leaves  a  residue  consisting  chiefiy  of  chloride  of  potassium  and  lactate 
of  potash;  the  filtrate  mixed  with  chloride  of  zinc;  and  the  crystals  of 
chloride  of  zinc  and  cratinine,  which  form  after  a  while,  decomposed  a« 
above  with  hydrated  oxide  of  lead.  (Liebig.) 

6.  From  Creatine,  —  a.  Hydrochloric  acid  gas  is  passed  to  saturation 
over  creatine  heated  to  100°  in  a  Liebig*s  drying  apparatus,  then  dry  air  as 
long  as  water  continues  to  escape ; —  or  the  solution  of  creatine  in  strong 
hydrochloric  acid  is  evaporated  to  dryness  in  the  water-bath.  —  The 
hydrochlorate  of  cratinine  obtained  by  either  of  these  methods  is  then 
dissolved  in  24  pts.  of  water;  the  solution  kept  at  the  boiling  heat  in 
a  basin ;  perfectly  pure  hydrated  oxide  of  lead  macerated  in  water 
added  to  it  by  small  portions  till  it  becomes  neutral  or  slightly  alkaline, 
and  then  three  times  as  much  of  the  hydrated  oxide  of  lead,  until  the 
liquid  becomes  pasty  from  formation  of  quadri basic  hydrochlorate  of 
lead-oxide.  The  liquid  is  then  filtered  and  the  precipitate  well  washed; 
the  filtrate  treated  with  a  small  Quantity  of  blood- charcoal  to  remove  any 
lead  that  may  still  remain  dissolved;  the  liquid  again  filtered;  and  the 
filtrate  evaporated  and  cooled  to  the  crystallizing  point.  (Liebig.)  — 
b.  The  solution  of  1  pt.  creatine  in  1  pt.  oil  of  vitriol  and  3  pts.  water  is 
evaporated  till  all  moisture  is  removed;  the  remaining  sulphate  of 
cratinine  boiled  with  water  and  very  pure  carbonate  of  baryta,  till  it 
becomes  alkaline;  and  the  solution  filtered  and  left  to  crystallize. 
(Liebig.) 

Froperties.  Colourless  oblique  rhombic  prisms  belonging  to  the 
obliqne  prismatic  system;  Fi^,  01,  with  <-face;  t  :  <  :=  110°  30'  (110°  3', 
according  to  Heintz);  u  vv!  =z  81°  40^;  w  :  <  =  130°  50'.  (Kopp.)— The 
same  fonn  therefore  as  that  of  creatine,  excepting  that  in  cratinine  the 
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inclination  of  the  clinodiagonals  to  the  orthodiagond  ia  twice  as  great 

as  in  creatine,  inasmuch  as  in  creatine,  u  :  u  z=z  ^Q°  5H\    (Heiutz.)  — 

Cratinine  in  the  state  of  concentrated  solution  has  a  caustic  taste,  like 

that  of  dilate  ammonia.     It  blues  reddened  litmus,  and  reddens  tarmerie 

(Liebig.) 

Liebig. 


Jrom  urine         fromfiezh.  from  creatine. 

8  C  48     ....     42-48      4264     41*70     42-54 

3N 42     ...     3717     37*41     37*20 

7  H 7     ....       619     6-23     6-23     6*38 

2  0 16     ...     1416     13-72     13*88 

CSN'H^O*    ....  113      ...  10000     10000     100*00 

DecomposUions.  Cratinine,  under  certain  circumstances,  takes  up  2  At. 
water,  and  is  reconverted  into  creatine.  The  dilute  solution  of  hydrochlo- 
rate  or  sulphate  uf  cratinine  slightly  supersaturated  with  dilute  ammonia 
and  evaporated,  yields  a  few  crystals  of  creatine  (Heiutz;  see  also  Chloride 
qf  Zinc  and  Cratinine.)  —  Cratinine  is  decomposed  by  mercuric  oxide  in  the 
same  manner  as  creatine  (p.  253),  yielding  methyluramine.   (Dessaignes.) 

Combinations,  Cratinine  dissolves  in  11*5  pis.  of  water  at  16^,  and 
much  more  abundantly  in  hot  water.  (Liebig.) 

StdphaU  of  Cratinine,  —  An  aqueous  solution  of  cratinine  saturated 
at  a  boiling  heat  and  mixed  with  dilute  sulphuric  acid  till  it  acquires  a 
strong  acid  reaction,  leaves  on  evaporation  a  white  mass,  whose  solation 
in  hot  alcohol  becomes  turbid  on  cooling,  then  becomes  clear  and  deposits 
transparent,  colourless,  quadratic  tables  which  remain  transparent  at  100^ 
(Liebig.) 

Crystals,  Liebig. 

8  0 48     ....     29-63     29*33 

3N .      42     ...     25-93     26*44 

8  H 8     ....       4*94     503 

3  0 24     ....     14-81     15-56 

SO' 40      ...     24*69     24*64 

C8N'H70»,HO,S03   162     ....  100  00     10000 

Hydrockf orate  of  Cratinine,  —  Preparation  (ix.  257,  6).  Crystallizes  from 
solution  in  boiling  alcohol,  in  transparent  colourless  prisms,  and  by  evapo- 
ration of  the  aqueous  solution,  in  transparent  laminss  which  redden  litmus. 
Dissolves  very  readily  in  water.  (Liebig.) 


Ciystals., 

8  0 

3N 

...     48*0 
...     420 
...       8*0 
...     16-0 
...     35*4 

.  .     32-13     ... 
....     28-11     ... 
....        tf*o5     ... 

....     10-71     ... 
....     23-70     ... 

Liebig. 
....     32  48 
....     28*27 

8  H  

.    .       6*30 

2  0 

....     10*54 

01 

2341 

C8X3H7O«,H0l   

...  149*4 

....  10000     ... 

100-00 

Chloride  of  Zinc  and  Cratinine. — Preparation.  1.  (p.  256). —2.  By 
mixing  cratinine  and  chloride  of  zinc,  in  the  state  of  concentrated  aqueous 
solutions.  Both  processes  yield,  with  greater  rapidity  as  the  mixture  is 
more  concentrated,  delicate  needles  united  in  nodules,  or  oblique  rhombic 
prisms  (Pettenkofer)  belonging  to  the   oblique  prismatic  system,  with 
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terminal  faees  iucliiMd  82*"  30'  to  tbe  principal  axis.  (K.  Schmidt^  Ann. 
Fhanfj^  61,  332.)  The  crystals  give  off  only  a  trace  of  liygroscopic 
water  at  120^  When  the  cratiuine  is  separated  from  this  compound  by 
means  of  hydrated  oxide  of  lead  or  hjdrosulphate  of  ammonia  (p.  251), 
more  than  \  of  it  is  fonnd  to  be  converted  into  creatine,  and  in  larger 
proportion,  apparently,  as  the  solution  of  the  zin&-compound  used  was 
more  dilute.  If  therefore,  after  the  creatine  has  been  separated  from  the 
resulting  liquid  by  evaporation  and  cooling,  with  addition  of  alcohol,  the 
mother-liquor  containing  the  rest  of  the  cratinine  be  repeatedly  pre- 
cipitated with  chloride  of  zinc,  and  tbe  precipitate  decomposed,  &o.  — 
nearly  all  the  cratinine  may  be  converted  into  creatine.  (Heintz.)  — 
Chloride  of  zinc  and  cratinine  dissolves  sparingly  in  alcohol,  but  ia 
insoluble  in  strong  alcohol  and  ether.  (Pettenkofer.) 


Crystals. 

...     48-0      . 
...     420     .. 
...       70     .. 
...     160     .. 
.     322     .. 
...     35-4     .. 

..  26-58  . 
..     23-25     . 

3-88     . 

8-86  . 
..  17-83  . 
..     19-60     . 

Heintz. 

8  C 

3N    .... 

om  urine,   from  flesh. 
26-29 
23-54 

7  H    .... 

3-96 

2  O    .... 

931 

Zn 

CI    ... 

17-74     ....     17-87 
19-16     ....     19-18 

C8N»H'0>,2nCl 180  6     ...   10000     10000 

With  Cupric  salts,  cratinine  forms  crystallisable  double  salts  of  a  fine 
blue  colour.  (Liebig.) 

When  mixed  in  aqueons  solution  with  Corrosive  tntblimate,  it  imme- 
diately forms  a  white  curdy  precipitate,  which  changes  in  a  few  minutes 
to  a  mass  of  delicate  colourless  needles.  (Liebig.) 

With  concentrated  Silver  solution  it  coagulates  immediately  into  a 
mass  of  delicate  white  needles,  which  dissolve  readily  in  hot  water,  and 
crystallize  out  again  unchanged  on  cooling.  (Liebig.) 

The  clear  mixture  of  dilute  hydrochlorate  of  cratinine  and  Bichloride 
of  Platinum  (or  of  hydrochloric  acid,  creatine,  and  bichloride  of  platinum), 
yields,  by  slow  evaporatioti,  transparent,  aurora-red  prisms,  and  by 
quicker  evaporation,  granules  which  dissolve  readily  in  water,  less 
quickly  in  alcohol,  and  contain  30-.53  p.  c.  platinum,  whence  they  pro- 
bably consist  of  C^\'H'O^HCl-hPtCl^  (Liebig.) 

Cratinine  didsolves  in  102  pts.  of  absolute  alcohol  at  16^,  and  more 
abundantly  in  hot  alcohol,  from  which  it  crystallizes  out  on  cooling. 
(Liebig.) 


*y.    Nitrogen^nudem.    C«N*Ad»HK)*. 

Allantoin. 

C«N*H»0«= C«N»Ad'H'0*,0». 

Vauwblin  &  BuNiVA.    Ann.  Chim.  33,  269;  also  Scher.  /.  G,  211. 

C.  G.  GuELiN.     Gilb   64,  350. 

Lassaiqne.     Ann,  Chim.  rhys.  17,  301;  also  J.  Fhys.  92,  406. 

LiBBio.     Fogg.  21,  34. 

s  2 
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LiBBia  &  WoHLER.    Ann,  Pharm.  26,  244;  also  Pogg,  41,  561. 
PsLouzE.    K  Ann.  Ckim.  Phys,  6,  70;   also  Ann,  Pharm,  48,  107; 

J,  pr,  Chem,  28,  18. 
ScHLiEPER.     Ann,  Pharm,  67,  216. 
W5HLBE.     Ann,  Pharm,  70,  229. 
LiMPRicHT.     Ann,  Pharm,  88,  94. 

Amidotie  acid.  Allantoic  acid,  Amniossdure,  Allanioint&ure,  AUantoine,  Acide 

ammotique,  Aeide  allantoigue FoQnd  hy  Vauqnelin   &  Buniya  in   1800 

(probably  mixed  with  allantoic  liqnid)  in  tbe  amniotic  liquid  of  tbe  cow; 
wherein,  however,  neither  Dzondi  (N.  Gefil.  2,  52)  nor  Front  {Ann, 
Phil,  5,  416)  was  able  to  find  it  again;  afterwards  Lassaigne  showed 
that  it  is  contained,  not  in  the  amniotic  but  in  the  allantoic  liqnid.  It 
was  also  artificially  prepared  and  accnrately  investigated  by  Liebig  & 
Wbhler. 

Sources.  In  the  allantoic  liquid  of  the  cow  (Lassaigne),  and  in  the 
urine  of  calves.  (Wohler.) 

Formation,  In  the  decomposition  of  uric  acid  by  heating  with 
peroxide  of  lead  and  water  (Liebig  &  Wohler),  or  with  ferricyanide  of 
potassium  and  potash-ley.  (Schlieper.) 

Preparation*  1.  The  allantoic  liqnid  (mixed  with  amniotic  liquid) 
is  evaporated  down  to  i,  and  cooled  to  the  crystallizing  point.  ( Vauquelin 
&  Buniva.)  The  allantoin  is  likewise  deposited  when  the  liqnid  is  left 
to  stand  for  some  time,  and  must  be  pnrified  by  solution  in  hot  water, 
filtering,  and  recrystallizing.  (G.  G.  Gmelin.) 

2.  The  urinary  bladder  of  a  calf  is  tied  at  the  lower  part  previous  to 
slaughtering;  the  urine  obtained  from  it  evaporated  below  100°  to  a 
syrup;  and  set  aside  for  several  days  in  the  cold  to  crystallize;  the  liquid 
then  dilnted  with  water;  the  gelatinous  precipitate,  consisting  chiefly  of 
urate  of  magnesia,  separated  by  elutriation  from  the  crystals  of  allantoin 
and  phosphate  of  magnesia;  the  crystals  washed  with  a  little  cold  water, 
and  boiled  with  water  and  a  small  quantity  of  good  blood-charcoal;  the 
liquid  filtered  at  the  boiling  heat  from  the  greater  part  of  the  phosphate 
of  magnesia;  the  filtrate  mixed  with  a  few  drops  of  hydrochloric  acid, 
so  that  the  phosphate  of  magnesia  contained  in  it  may  remain  dissolved; 
and    colourless    allantoin  obtained    from   it  by  cooling    (Wohler) :  — 

For  another  mode  of  preparation  from  calves'  urine,  tfid.  SocoIofT  (p.  256). 

8.  (Jric  acid  is  pulverized,  and  suspended  in  a  small  quantity  of 
water,  the  liquid  heated  nearly  to  the  boiling  point;  finely  pulverized 
peroxide  of  lead  added  to  it  by  small  portions  and  with  frequent  stirring, 
till  the  last  portions  added  no  longer  turn  white;  the  liquid  filtered  hot; 
and  crystalline  allantoin  obtained  trom  it  by  cooling,  and  also  by  further 
evaporation  and  cooling  of  the  mother-liquor,  while  the  more  soluble 
urea,  which  is  likewise  present,  remains  in  the  last  mother-liquor:  the 
allantoin  must  be  freed  from  it  by  recrystallization  from  water.  (Liebig, 
Wbhler.) 

4.  The  same  process  is  followed  as  in  the  preparation  of  lantanuric 
acid  (ix.  445,  the  first  17  lines),  and  the  crystals  of  allantoin,  which  are 
contaminated  with  red  flakes,  purified  by  solution  in  cold  potash-ley, 
filtering,  quickly  supersaturating  with  acetic  acid,  and  recrystallizing 
the  precipitated  allantoin  from  hot  water.  (Schlieper.) 
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Fropertiet.  Transparent,  colourless  needles,  having  a  pearlj  lastre 
(Vao^uelin  &,  Buniva),  and  four-sided  prisms.  Prisms  whose  primitive 
form  18  a  rhombohedron.  TLiebig  &  Wohler.)  —  Crystals  belonging  to 
the  doubly  oblique  prismatic  system  {Fig.  124);  v:u=z56°  42';  v  :y=s 
95°  15';  tt:y=91°40';  the  y-&ce8  have  the  strongest  lustre.  (Delffs, 
Jahrb,  prakt.  Fharm.  S,  378.)  —  Single  oblique  prismatic  system;  Fig.  93, 
with  ^face  between  u  and  u';  i  :u  backwards  =88^  14';  /:  tt  Imck wards 
=96°  17';  cleavage  easy  parallel  to/.  (Dauber,  Ann.  Fharm,  71,  68.) 
The  crystals  obtained  by  (2)  are  thinner  and  united  in  tufts,  in  conse- 

Jiuence  of  the  admixture  of  a  trace  of  foreign  matter;  from  this  they  are 
reed  by  combination  with  oxide  of  silver,  separation  therefrom  by  hydro- 
chloric acid,  and  then  crystallized  in  the  ordinary  way.  (Wbhler.) 

Tasteless  (Lassaigne),  and  neutral  to  litmus.  (Liebig  &  Wohler.) 
Tastes  slightly  acid  and  reddens  litmus  slightly.  (Vaaquelin  &  BnniYa.)     Permanent 

in  the  air  (Vauquelin);  anhydrous  (Liebig). 


8C 

48    .. 

..     30-38     . 

..     35-44     . 

3-80     . 

..     30-38     . 

Lieb.&Wdbl.    Schliep. 
(3)                f4) 

30-50    ....     3002 

35-34     ....     35-17 

404     ....       4-04 

3012     ....     30-77 

Stadeler.  Lassaigne. 

(2)               (1) 
....     30-15     ....     28-15 

4  N 

6  H 

56    .. 

6    .. 

....     35-25     ....     25-24 
3-81     ....     14-50 

6  O 

48     .. 

...     30-79      ...     32-11 

mi^H*0^  158     ....  10000     10000     ....  100-00    ...  10000     ....  100-00 

The  bracketed  numben  refer  to  the  mode  of  preparation. 

Decompodtions,  —  Allantoin  yields  by  dry  distillation,  carbonate  and 
hydrocyanate  of  ammonia,  a  small  quantity  of  empyreumatic  oil,  and 
a  very  porous  charcoal.  (Lassaigne.)  —  2.  Over  the  open  fire  it  swells 
up,  blackens,  gives  off  the  odour  of  ammonia  and  hydrocyanic  acid,  and 
leaves  a  tumefied  charcoal.  (Vauquelin  &  Buniva.) 

3.  Heated  with  oil  of  vitriol,  it  yields  sulphate  of  ammonia  and  a 
mixture  of  carbonic  acid  and  carbonic  oxide  gases.  (Liebig  &  Wbhler.) 

C?N<H«0«  +  6HO  =  4NH»  -i  4CO«  +  4C0. 

4.  Allantoin  gently  heated  with  nitric  acid  of  sp.  gr.  1*2  to  1-4,  does 
not  give  off  any  gas,  but  yields  crystalline  nitrate  of  urea  on  cooling;  on 
evaporating  the  solution  to  dryness,  nitrate  of  urea  and  allanturio  acid 
(ix.  447)  remain  (Pelouze) : 

CW^HW  +  2HO  -  CWHW  +  CWH*0«  (Gerbardt). 

Pelouze  gives  tbe  equation : 

lKC«Nm«0«)  +  2H0  -  C?N*HH)»  +  C»0N«H'O» 

allanturic  acid. 

5.  Allantoin  is  likewise  resolved  into  urea  and  allanturic  acid  by  heat- 
ing with  hydrochloric  and  other  aqueous  acids.  The  same  decomposition 
bXso  takes  place  when  allantoin  is  heated  with  water  in  a  sealed  glass 
tube  to  110°  — 140°,  excepting  that  in  this  case  the  urea  is  further 
resolved  into  ammonia  and  carbonic  acid.  (Pelouze.)  —  6.  Allantoin  is 
also  resolved  into  allanturic  acid  and  nrea  by  the  action  of  peroxide  of 
lead  and  water  at  ordinary  temperatures.  (Pelouze.)  [According  to  what 
equation  ?} 
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7.  Tbe  solntion  of  allantoin  in  cold  potash-ley,  deposits  ftU  the 
allantoin  if  immediatelj  mixed  with  acids;  but  in  the  coarse  of  24  to  48 
hours,  it  changes  spontaneously  into  hydantoate  of  potash,  and  is  then 
no  longer  precipitated  by  acids,  gives  off  bat  little  ammonia  when  boiled, 
and  does  not  at  the  same  time  form  any  oxalic  acid;  by  the  further 
action  of  potash,  the  hydantoate  of  potash  is  resolved  ixtto  lantannrate 
of  potash  (ix.  445)  and  urea  (Schlieper) : 

Knt :     C8N*H«0«  +  2HO  -  C8N<H«08; 

hydantolc  acid 

then:    C?N*H»0«  =  C«N2HK)«  +  CN^H^O'  (SdiUi^icr.) 

lantanuric  acid. 

8.  Allantoin  boiled  with  aqueous  potash  or  baryta  is  completely 
resolved  into  ammonia  and  oxalic  acid  (Liebig  &  Wohler) : 

C8N*H60«  +  lOHO  «  4NH'  +  2C*H«0«. 

H.  9.  A  solution  of  allantoin  mixed  with  yeast  and  exposed  to  a 
temperatare  of  ^0°,  becomes  on  the  fourth  day  strongly  ammoniacal,  and 
no  longer  contains  allantoin,  but  urea  and  the  ammtmia-saits  of  oxalic 
acid,  carbonic  acid,  and  an  acid  which  may  be  obtained  in  the  form  of 
a  sour  syrup.  (Wohler,  Ann.  Fharm.  88,  100.)  %. 

Combinations,  Allantoin  dissolves  in  400  pts.  of  cold  water  (Las- 
saigne);  in  160  pts.  of  water  at  20°  (Liebig  and  Wtthler);  in  30  pts.  of 
boiling  water,  and  crystallizes  on  cooling. 

According  to  Liebig  &  W'ohler,  allantoin  does  not  combine  with  any 
base  excepting  oxide  of  silver.  C.  Gmelin  and  Liebig  &  Wbhler  were 
not  able  to  obtain  the  allantoates  described  by  Lassaigne.  From  solution 
in  hot  dilute  alkali?,  the  allantoin  crystallizes  in  the  ifree  state.  —  IT.  The 
following  compounds  have  however  been  obtained  by  Limpricht. 

Zinc-compound.  —  2ZnO,C«N*H*0»  -  ZnO,C«N*H»ZnO«.  —  When  al- 
lantoin is  boiled  with  zinc-oxide  and  the  liquid  filtered,  the  filtrate  yields 
crystals  of  allantoin,  and  there  remains  a  syrupy  mother- liquor,  which^ 
when  mixed  with  absolute  alcohol,  yields  a  precipitate  containing,  after 
drying  at  100°,  36 '5  per  cent,  of  zinc-oxide  :  the  above  formula  requires 
85  p.  c.  (Limpricht.) 

Cadmium-compound,  —  CdO,C«N*H»0»  =  C«N*H»CdO«.  Syrupy  mass, 
which,  on  addition  of  alcohol,  solidifies  to  a  white  crystalline  powder. 
The  powder  thus  precipitated  does  not  rediesolve  completely  in  water, 
bpt  leaves  a  compound  richer  in  cadmium.  ,  The  crystalline  powder  yields 
by  analysis,  28*04  p.  o.  CdO,  the  above  formula  requiring  SO  per  cent. 
(Limpricht.) 

Z«I/i-«)WpOMrw?.  — 3PbO,2C«N*H»0*  — Rrst  obaenred  by  Lassaigne.  — A 
solution  of  lead- oxide  in  allantoin  deposits  the  compound  by  evapora- 
tion in  crusts,  which  yield  by  analysis  52-5  and  52*8  p.  c.  lead-oxide; 
the  formula  requires  52*9.  Acids  poured  upon  the  compound  produce  a 
slight  eflTervesoence;  the  carbonic  aoid  of  the  air  seems  also  to  exert  a 
decomposing  action  upon  it.  (Limpricht.) 
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Copper-compound,  —  CaO,3C'N*H*0'-  —  Hydrated  cupric  oxide  dis- 
solves at  the  boiling  heat  in  a  solution  of  allantoin,  forming  a  blue  liquid, 
which  deposits  ffreen  crystals  by  evaporation.  These  give  in  two 
analyses  723  and  7*36  p.  c.  CaO,  while  the  formula  requires  8  2  p.  c. 

Mercury-compoiinds,  —  When  an  aqueous  solution  of  allantoin  is 
boiled  with  excess  of  mercuric  oxide,  a  certain  quantity  of  the  oxide 
dissolves,  and  two  compounds  are  formed. 

a.  5HgO,3C®N*H*0*.  —  This  compound  separates  from  the  liquid 
filtered  at  a  boiling  heat,  and  left  to  stand  for  several  hours.  It  is  a 
white  amorphous  powder,  which  melts  and  intumesces  when  heated.  It 
is  insoluble  in  cold  water  and  in  alcohol,  but  dissolves  sparingly  in  hot 
water,  readily  in  hydrochloric,  nitric,  and  sulphuric  acid.  (Limpricht.) 

Dried  at  100*.  limpricht  {mean), 

24  C 144     ....     14-59     14  27 

12  N    168     ....     17-02 

15  H    15     ....       1-52     1-56 

15  0 120     ....     1216 

5  HgO    540     ...     54-71     5483 

5HgO,3CPN*H*0*    ^^7     ....  10000 

h,  3HgO,5C*N*H»0».  —  The  mother-Jiquor  of  a  filtered  and  evapo- 
rated  at  100°  to  a  small  bulk,  deposits  this  compound,  after  24  hours^  in 
the  form  of  a  mass,  having  the  consistence  of  turpentine,  and  drying  up 
over  sulphuric  acid  to  a.  brittle,  glassy  solid,  which  blackens  at  100  . 
(Limpricht.) 

Dried  at  60**.  Limpricht. 

40  C 240  .  .  22-45     21*23 

20  N....: 280  ....  26-19 

25  H     25  ....       2-34     2-74 

25  0 200  ....  18-71 

3  HgO    324     ....     30-31     '.     29-06 

3HgO,5C«N*H»0»  10C9     ....  10000 

Tlie  mother-liquor  of  a  left  to  evaporate  spontaneously,  deposits  crystallioe  crusts 
of  variable  composition.  (Limpricht.) 

c.  4HgO,3C'N*H'0*.  —  When  water  is  poured  upon  the  compound  h, 
it  shells  up  and  is  converted  into  a  white  pulverulent  mass,  which 
blackens  when  heated  a  little  above  100"^.  (Limpricht.) 

Dried  at  100".  Limpricht. 

2iC 144  ...  16-:i8  16-12 

12  N 168  ....  19-11 

15  H 15  ....  1-71  1-73 

15  0 120  ....  13-66 

4  HgO    432  ...  49-14 48*66     ....     49-6 

4HgO,3C8N^HW  879     ....  10000 

d,  5HgO,2C*N*H^O'.  —  An  aqueous  solution  of  allantoin  is  not  pre- 
cipitated by  corrosive  sublimate;  but  mercuric  nitrate,  even  when  very 
dilute,  forms  with  it  a  bulky  non- crystal  line  precipitate  exhibiting  thia 
composition.  (Limpricht.) 
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• 

Jh'ied  at  lOO"".  Limpricbt. 

16  C    96  ....  11-46  11-14   to  11-35 

8N  112  ....  13-37 

10  H   10  .  119  103         1-04 

10  O   80  .  9-54 

5  HgO 540  ...  64-44  63*97       6507 

5HgO,2C8N<H«0« 838      ...  10000 

AllaDtoin  bebaves,  in  fact,  with  corrosive  sublimate  and  mercurio 
nitrate^  in  the  same  manner  as  urea.  (Limpricbt.)  IT. 

SUver-compauTid,  —  A  hot  aqueous  solution  of  allantoin  mixed  with 
nitrate  of  silver,  and  then  with  ammonia  as  long  as  anj  precipitate  is 
formed,  yields  a  white  micaceous  powder,  which,  when  examined  by  the 
microscope,  appears  to  consist  of  globules.  It  is  decomposed  by  all  acids 
with  separation  of  allantoin.  (Liebig  &  Wohler.) 


8C 

48     .. 

Liebig  &  Wohler. 

.     18-12     18-18 

..     21-13     2104 

1-88     1-94 

..     40-75     40-44     . .. 

..     1812     18-40 

Wtfhler. 

4  N 

56     .. 

6  H 

5     .. 

Ag    

6  O 

108     .. 

48     .. 

40-78 

C8N*H»AgO« 265     .,..  100-00    100-00 

Allantoin  dissolves  in  alcohol  more  readily  than  in  water.  (Vauqnelin 
&  Bunlva.) 


Hydantoic  Acid. 

ScHLiEPER.     (1848.)  Ann.  JPharm.  67,  23  2. 

Formation  (p.  262).  —  Preparation.  A  solution  of  allantoin  in  strong 
potash-ley  is  set  aside  for  two  days,Jthen  supersaturated  with  acetic  acid 
and  diluted;  hydantoate  of  lead  precipitated  from  it  by  addition  of  neutral 
acetate  of  lead;  the  precipitate  washed,  suspended  in  water,  and  decom* 
posed  by  sulphuretted  hydrogen;  and  the  strongly  acid  filtrate  evapo- 
rated  in  the  water-bath.  During  the  evaporation,  a  certain  amount  of 
decomposition  appears  to  take  place. 

Properties.  Thick,  uncrystallizable,  very  acid  syrup,  which,  when 
moistened  with  alcohol,  is  converted  into  a  very  friable  mass. 

Becotnpoaitiont.  The  acid  treated  with  cold  potash-ley,  evolves 
ammonia,  probably  because  it  has  been  already  partially  decomposed  by 
evaporation,  and  j^ields  white  flakes  when  evaporated  with  it.  It  docs 
not  form  oxalic  acid  by  boiling  with  potash-ley. 

Combinations.     The  acid  deliquesces  in  the  air. 
When  neutralized  with  aqueous  ammonia,  it  gives  off  ammonia  on 
evaporation^  and  again  becomes  acid. 
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The  potatk-mti  is  obtained  1>y  supersaturating  the  above-mentioned 
solution  of  allantoin  in  potash  with  acetic  acid  after  two  days^  and  then 
precipitatinfi;  with  alcohol,  in  the  form  of  an  oily  liquid  which  refracts 
light  strongly. 

The  acid  mixes  without  ciferyescence  with  carbonate  of  ^a;  the 
liquid,  when  heated,  deposits  yellowish  white  flakes. 

The  acid  does  not  become  turbid  when  mixed  with  baryta  or  lime* 
water;  but,  on  the  addition  of  alcohol,  white  flakes  are  deposited,  which 
redissolve  in  water. 

The  lead-taU  (vid,  $up.)  is  deposited,  after  a  while,  on  the  sides  of  the 
vessel  as  a  thick  white  precipitate,  and  afterwards  fills  the  entire  mixture 
with  thick  white  flakes,  which,  after  washing,  dry  up  to  a  white  powder, 
readily  soluble  in  nitric,  bat  very  sparingly  aolable  in  acetic  acid,  eren 
when  hot. 


PbO. 

8  0 

4  N 

7  H 

7  O 


SchUeper  (at  100^) 

112 

....  40-15 

39-09 

48 

....  17-20 

16-75 

56 

....  2007 

1904 

7 

...   2-51 

2-90 

56 

...  20-07 

22-22 

C8N<H'Fb08 279    ....  100-00     100-00 

[The  salt  probably  containi  1  At.  more  water  at  100**.] 

SUver-ialt  —  The  oily  potash-salt  dissolved  in  water,  forms  with 
nitrate  of  silver  a  thick  white  precipitate,  which  turns  black  when 
boiled.  The  free  acid  forms,  with  nitrate  of  ^ver,  a  white  precipitate, 
which  dissolves  partially  when  heated.  This  precipitate  contains  18*12 
p.  c.  (5  At.)  nitrogen  to  45-31  p.  o.  (2  At.),  silver-oxide,  a  proof  that 
the  acid  has  been  to  some  extent  decomposed  by  evaporation. 

The  acid  is  insoluble  in  alcohol.  (Scolieper.) 


JPrimary^udeus.    C*H". 
Oxygen-nucleus.    C*H*0*. 

Tartaric  Acid. 
C«H«0"  =  C«H«0«,0«. 

Rbtzius  &  ScHEELE.    Jhh,  dtT  Scfiwed.  Akad  der  Win.  1770,  p.  207; 

also  CrelL  Chem,  J.  2,  179. 
Mattb.  a.  Paecken  (properly  Klaprotb).  Diss,  de  sale  essentiali  tartan 

QoU.  1779. 
Rtchter.     Neuere  Gegenst,  6,  39. 
Thbnard.     Ann.  Chim.  38;  80;  also  Scher.  «7.  8,  630. 
OsANN.      KaMn.  Jrek.  3,  204  k  369;  5.  107. 
Berzblius.     Ann,  Chim.  94,    177.  —  Pogg.  19,    305;   36,    4.  —  Ann^ 

Chim.  Phys.  67,  303;  also  J.  pr.  Chem.  14,  350. 
Bulk.  Schw.     64,  180,  &  193;  abstr.  Ann.  Pharm.  2,  39. 
Dumas  &  Piria.    Ann.  Chim.  Fhys.  5,  353;  also  Ann,  Pharm,  44,  W^ 

also  /.  pr.  Chem.  27,  321, 
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WisRTHEB.      J",  pr.  Chem.  32,  385. 

Laukent  &  Geruardt.     Compt  chim,  1849,  1  &  07;  also  Ajin,  Pharm^ 
70,  348;  also  J,  pr.  Chem.  46,  300. 

Tartersdure,  Tar tty h dure ,  Weitudure,  Weinsieinti&vre^  wesenstliches  Wein- 
stetTualz,  Sal  etteniiale  tartaric  Acide  iartarique.  —  Tartaric  acid  was  first 
obtained  in  the  separate  state  by  Scheele  in  1770,  but  its  existence  ia 
tartar  had  been  previoasly  assumed  by  Duhamel^  Marggraf,  and  Ronelle 
the  younger. 

S^uixes.  Partly  free,  partly  combined  with  bases:  in  tamarinds 
(Retsins),  in  the  nnripe  berries  of  the  mountain>aeh;  the  berries  of  ^lu 
U/phintim  and  glahrum^  in  the  wood  of  Qtuiatiii  amarcL,  the  bark  of 
Qtuissia  Simaraba,  the  root  of  Npmphoea  cdha^  the  herb  of  Chdidonium 
majus,  the  root  of  JRuJbia  tinctorum,  in  potatoes,  cucumbers,  the  root  of 
Leontodum  taraxacum,  the  corms  of  Helianthns  tuberosits,  camomile 
flowers  (Bindheim),  in  the  herb  of  Ihimex  acetosa,  in  mulberries,  pine- 
apples, the  leaves  of  Agave  mexicana  (Hoffman),  and  Iq  senna-leaves 
(Casst'Imann) ;  in  black  pepper,  the  bulb  of  ScUia  maritima,  the  root  of 
Triticum  Yepem,  Iceland  moss,  and  Lycopcdiwm  complanatum.  Dessaignes 
{N.  J.  Pharm.  25,  24),  found  this  acid  in  considerable  quantity  in  the 
decoction  of  pelargoniums;  also,  together  with  malic  acid,  in  the  berries 
of  Makonia  aquifolia;  the  residue  obtained  by  evaporating  the  juice  of 
the  vine-stock,  he  found  to  consist  chiefly  of  tartrate  of  lime. 

Formation*  1.  In  the  preparation  of  potassium,  (iii.  6),  the  metal 
which  sublimes  is  accompanied  by  a  carbonaceous  mass,  whose  aqueous 
solution  contains  tartrate  of  potash,  together  with  croconate  and  oxalate. 
(Liebig.)      [The  author  did  not  succeed  in  the  preparation  of  the  tartrate  from  tliis 

mass.]  —  2.  When  lemon-juice'  is  kept  for  a  year  in  bottles,  the  greater 
part  of  the  citric  acid  is  converted  into  tartaric.  (Schindler,  Ann, 
Pharm.  31,  280.)  —  3.  When  pyroxilin  is  dissolved  in  potash-ley,  tar- 
taric acid,  or  a  similar  acid  appears  sometimes  to  be  produced.  (Kerck- 
hoff"  &  Renter,  J.  pr.  Chem.  40,  284.) 

Preparation.     1.  To  1  pt.  of  crude  or  purified  tartar  suspended  in 
boiling  water,    0'27  pt.  or  a  somewhat  larger   quantity,  of  powdered 
chalk,  marble,  or  oyster-shells  is  added,  and  the  mixture  boiled  till  the 
effervescence  entirely  ceases,  and  the  liquid  no  longer  reddens  litmus. 
Or  tartar  suspended  in  boiling  water  is  exactly  neutralized  with  milk  of 
lime.    The  tartrate  of  lime,  which  settles  to  the  bottom,  is  separated  from 
the  neutral ,  tartrate,  which  remains  in  solution,  by  decanting  the  liquid 
and  washing  the  deposit  on  linen.  — a.  The  tartrate  of  lime  thus  obtained, 
is  decomposed  by  digestion  for  a  day  or  two  with  oil  of  vitriol,  amounting 
to  0*4  pt.  of  the  dried  tartrate  of  lime,  or  equal  to  the  carbonate  of  lime 
used,  and  in  any  case  not  less  than  sufficient  for  the  complete  saturation 
of  the  lime,  and  with  12  tiroes  its  weight  of  water.     The  liquid  is  sepa- 
mted  from  the  gypsum  by  filtration;  evaporated  to  a  thin  syrup;  sepa- 
rated from  the  precipitated  gypsum  by  straining  through  linen;   and 
th(;n  further  concentrated,  whereupon  it  yields  crystals  of  tartaric  acid, 
either  by  standing  for  some  time  in  the  cold,  or  by  further  evaporation. 
-^  If  these  operations  have  been  performed  in  vessels  of  tin  or  copper, 
the  metals  thereby  dissolved  'must  oe  precipitated  from  the  slightly  con- 
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centrated  acid  liquid,  which  should  still  contain  a  little  free  sulphuric 
acid,  by  a  small  quantity  of  sulphide  of  calcium,  and  the  evaporation 
finished  in  vessels  of  glass  or  porcelain.  —  If  the  quautity  of  sulphuric 
acid  used  is  not  sufficient  for  the  complete  decomposition  of  the  tartrate 
of  lime,  the  tartaric  acid  obtained  is  mixed  with  a  certaiu  quantity  of 
acid  tartrate  of  lime,  which  prevents  the  crystallization  of  the  acid,  but 
may  easily  be  decomposed  by  a  smuU  additional  quantity  of  sulphuric 
acid,  which  throws  down  the  lime  as  sulphate.  —  If  the  acid  liquid  con- 
tains free  sulphuric  acid,  this  acid  remains  in  the  mother-liquor,  which 
may  then  be  used  for  the  decomposition  of  fresh  portions  of  tartrate  of 
lime.  The  sulphuric  acid  still  adhering  to  the  crystals,  may  be  removed 
either  by  recrystallization,  or  by  digestion  with  a  small  quantity  of  oxide 
of  lead,  the  filtrate  being  subsequently  treated  with  sulphuretted  hydro- 
gen. —  The  brown  colour  of  the  liquid,  which  is  particularly  strong  when 
crude  tartar  is  used,  is  partially  removed  by  digestion  with  charcoal 
powder;  the  greater  portion  of  the  colouring  matter,  however,  remains 
m  the  mother-liquor.  This  liquid  may  be  decolorized  by  ^  Jj^  of  clilo- 
rate  of  potash.  (Berzelius,  Wittstein,  Repei-t.  57,  228.)  —  b.  The  solution 
of  neutral  tartrate  of  potash  separated  from  the  tartrate  of  lime,  yields, 
when  precipitated  by  hydrochlorate  or  acetate  of  lime,  or  when  decom- 
posed by  half  an  hour*s  boiling  with  sulphate  of  lime  (Desfosses,  J, 
Vharm,  15,  613),  an  equal  quantity  of  tartrate  of  lime,  which  may  be 
washed  and  treated  as  above.  Compare  Lowitz.  CrelL  Ann»  1799,  1,  99;  £uc« 
holz,  A.lr  7,  1,  21 ;  Grindel,  Schw.  13.  3.i5.) 

2.  One  part  of  tartar  is  neutralised  with  carbonate  of  potash;  the 
aqueous  mixture  boiled  for  an  hour  with  8  pts.  of  burnt  lime;  the 
decoction,  which  contains  caustic  potash  free  from  lime,  filtered  while 
still  hot;  and  the  precipitated  tartrate  of  lime  washed,  freed  from  excess 
of  lime  by  means  of  hydrochloric  or  acetic  acid,  and  treated  as  above. 
(Osann,  Kastn,  Arch,  5,  107.) 

3.  Tartar  is  gradually  added  in  excess  to  a  boiling  mixture  of  1  pt. 
oil  of  vitriol  and  3  pts.  water;  the  excess  of  tartar  (together  with  gyp- 
sum,) left  to  crystallize  out  by  cooling;  the  remaining  liquid  evaporated 
to  a  small  bulk,  and  the  tartaric  acid  removed  from  it  by  cold  alcohol, 
while  bisulphate  of  potash  remains.  (Fabroni,  An7i,  Chim.  Fkys.  25,  9.) 
—  [The  alcohol  may  produce  tartrovinic  acid,  in  which  case  continued  boiling  with 
water  will  be  required  to  expel  it.] 

Properties,  Large,  transparent,  colourless  prisms  belonging  to  the 
oblique  prismatic  system.  Fig,  109;  no  cleavage  :  i  :u  or  u  =  97**  10'; 
u:u'=  88** 30';  i  :  a  =  128"*  15';  i  :  c  =  134°  50';  i:m  =  100°  47';  i  :f; 
backwards  =  122°  45';  one  of  the  M-faces  is  often  disproportionately 
large.  (Brooks,  Ann,  Phil.  22,  118.)  —  Fig,  109,  together  with  trunca- 
tion-faces between  a  and  i  and  between  ?f-ahd.i;  i  :u=^  97°  10';  t :  a  = 
128°  34';  i  :/=  122°  30';  i  :  c  =  135°  0';  t*  :/=  121°  4';  w  :  e?  =  125°  15'; 
tt  :  o  =  129°  20';  a:ar=  102°  51';  e  g^  =^  102°  30';  cleaves  easily  parallel 
tot.  (Prevostage,  iV.  Ann.  Chim,  Phys,  3,  129.) — They  are  oblique 
rhombic  prisms,  about  =  Fig,  86,  with  one  other  face  x,  between  i  and 
m;  but  of  the  four  A-faces,  only  the  two  on  the  right  side  are  present, 
above  and  below,  not  those  on  the  left,  whereby  the  crystals  are  rendered 
unsymnietrical,  a  fact  which  is  connected  with  their  therriio-electrio 
properties  (and  with  their  optical  relations,  according  to  Pasteur),  i  :  f/i 
=  81^;  t  :  a:  =  145''  1 5';  a  :  w  =  99°  45';  i  :  A  =  136°,  (Hankel,  Pogg, 
49,  500; •^compare  also  Haberle,  Taschenb,  1805,  160;  Soret,  Taschenb, 
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1823,  141;  BernLardi,  N.  Tr,  7,  2,  40;  Peclefc.  Ann.  Chim,  Phys.  31,  78; 
Em.  Wolff,  J,  pr.  Chem,  28,  138;  Rammelsberg,  Fogg.  96,  23).  —  Sp. 
gr.  1*75.  (Richter.)  —  The  acid  shines  when  rubbed  in  the  dark,  like 
sugar.  (Bouchardat,  N.  J.  Fharm.  15,  440.)  —  Melts  at  170°  to  a  trans- 
parent colourless  liquid.  Tastes  strongly  but  pleasantly  sour,  and  reddens 
litmus.  Its  concentrated  solution  yields,  with  quantities  of  ammonia 
and  potash  not  sufficient  to  neutralize  it,  granular  precipitates,  and  with 
excess  of  lime-water,  white  flakes  soluble  in  excess  of  the  acid  and  in 
sal-ammoniac. 

Crystallized,            Frout.     Herrmann.   DUberdner.  Ure.  BerthoUet. 

8  C 48     ....     32  ....     32     ....     32*50     ....     3242     ....  3142  ....     2441 

6H    6     ....       4  ....       4     ....       419     ....       294     ....  2'76  ....       557 

12  O    96    ....    64  ....     64     ....     63*31     ....     6464     .„.  65*82  ....     7002 

CmH>^  ....  150      ...  100    ....  100     ....  100-00     ....  100-00    ...  10000    ....  10000 
The  radical  theory  assumes  a  hypothetical  anhydrous  tartaric  acid  ss 

C*H»0«  ="fr 

DecampasUtons.  1.  Tartaric  acid  heated  merely  till  it  melts,  which 
takes  place  at  170°  to  180°,  is  conyerted,  without  perceptible  loss,  into 
metatartaric  acid  (Laurent  &  Gherhardt);  when  melted  for  a  longer  time, 
or  at  a  stronger  heat,  it  is  conyerted  chiefly  into  tartralio  acid,  then,  with 
loss  of  2  At.  water,  into  tartrelic  acid  and  tartaric  anhydride.  (Bra- 
connot,  Fremy,  Laurent  &  Gerhardt.)  According  to  Weniselos  (Ann. 
Pharm.  15,  133,)  the  acid  begins  to  boil  at  150°. 

2.  When  the  acid  is  gradually  heated  to  220°,  it  swells  up  consi- 
derably, and  is  yery  apt  to  froth  oyer;  becomes  continually  browner; 
then  loses  its  yiscidity,  so  that  it  boils  without  tumefaction;  continually 
gives  off  carbonic  acid  gas,  loaded  with  yapours  of  acetic  and  pyrora- 
cemic  acids;  and  yields  a  colourless  watery  distillate^  which  smells  of 
acetic  acid  and  empyreumatic  oil,  has  a  sharp  sour  taste,  continually 
becomes  more  concentrated,  and  only  towards  the  end  acquires  a  yellowish 
colour,  and  contains  a  small  quantity  of  empyreumatic  oil,  which  causes 
it  to  become  turbid  when  mixed  with  water.  This  distillate,  when  yery 
slowly  distilled  oyer  the  water-bath,  yields  acetic,  (no  formic,)  and  then 
pyroracemic  acid,  together  with  a  trace  of  wood-spirit,  or  something  of 
that  kind,  and  leaves  a  thick  brown  syrup  containing  crystals  of  pyro- 
tartaric  acid.  The  residue  left  at  220°  in  the  distillation  of  tartaric 
acid,  is  black,  semifluid,  hard  after  cooling,  has  the  appearance  of  chaiv 
coal,  and  at  a  higher  temperature,  yields  marsh-gas  and  empyreumatic 
oil,  while  a  soft  bulky  charcoal  remains.  (Berzelius.)  —  The  acid  distilled 
between  170°  and  190°  yields  large  quantities  of  carbonic  acid,  water, 
and  pyrotartaric  acid,  but  yery  little  olefiant  gas,  acetic  acid,  empyreu- 
matic oil,  and  charcoal;  if  the  distillation  takes  place  between  200  and 
300°,  the  first  three  products  diminish  and  the  last  three  increase;  and 
by  distillation  oyer  the  open  fire,  yery  little  pyrotartaric  acid  is  obtained, 
together  with  small  quantities  of  water  and  carbonic  acid,  but  on  the 
other  hand,  highly  concentrated  acetic  acid,  and  large  quantities  of 
olefiant  gas,  empyreumatic  oil,  and  charcoal.  (Pelouze,  Ann.  Chim,  Phys. 
56,  297.)— -100  Pts.  of  tartaric  acid  yield,  when  distilled  with  yarious 
degrees  of  rapidity,  28  to  70  pts.  of  watery  distillate,  (containing 
0*3  to  0*5  pyrotartaric  acid,)  4*7  to  0*8  pts.  empyreumatic  oil,  and  12*5 
pts.  or  a  much  smaller  quantity,  of  charcoal.  (Gruner,  N,  Tr,  24,  2,  57.) 
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By  distilling  with  powdered  pamice-stone,  more  aoid  is  obtained  and 
less  empyreumatic  oil.  (Arppe.)  —  Tartaric  acid  subjected  to  dry  distilla- 
tion with  spongy  platinnm,  yields  pure  carbonic  acid  gas,  and  a  trans- 
parent, coloarless,  crystallizable  distillate.  (Reiset  &  Millon^  N,  Ann, 
Ckim.  Fhy9.  8,  285.)  -—  IT.  The  distillate  obtained  at  200"^  is  colourless, 
and  leaves,  when  evaporated,  a  scarcely  perceptible  residue  of  pyrotar- 
tario  acid;  the  gas  evolved  at  and  below  that  temperature  is  carbonic 
acid,  with  but  little  carbonic  oxide.  At  220°,  the  fused  tartaric  acid 
becomes  more  viscid,  and  acquires  a  yellow-brown  colour;  the  pale- 
yellow  distillate  contains  but  little  pyrotartaric  aoid,  and  the  evolved 
gas  consists  of  carbonic  acid  with  y  to  ^  carbonic  oxide.  At  220°  the 
decomposition  of  the  tartaric  acid  is  still  incomplete;  at  higher  tempe- 
ratures, the  distillate  is  more  highly  coloured,  and  the  evolved  carbonic 
acid  is  accompanied  by  increasing  quantities  of  carbonic  oxide  (the  pro- 
portion ultimately  reaching  the  half);  no  hydrocarbons  are  formed. 
Small  quantities  of  tartaric  acid  may  be  completely  decomposed  in  the 
oil  bath  at  300°,  leaving  only  a  very  small  quantity  of  carbonaceous 
residue.  When  the  acid  is  distilled  over  the  open  fire,  the  distillate 
consists  chiefly  of  acetic  and  pyroracemic  acids,  together  with  aldehyde, 
acetone,  and  other  substances,  as  in  the  distillation  of  sugar :  on  recti- 
fying this  distillate,  the  portion  which  goes  over  between  105°  and  120°, 
consists  chiefly  of  acetic  aoid;  that  between  130°  and  180°,  of  pyrora- 
cemic acid;  and  that  between  180°  and  190°,  of  pyroracemic  and  pyro- 
tartaric acids.  From  these  results  it  appears,  that  anhydrous  tartaric 
acid  is  resolved  by  strong  and  sudden  heating  into  acetic  acid,  carbonic 
acid,  and  carbonic  oxide  : 

C«H<OW  =  C*H<0^  +  2C0«  +  2CO ; 

but  by  slower  and  more  gentle  heating,  into  hydrated  pyroracemic  and 
carbonic  acid: 

C»H*OW-  C«H<0«  +  2C02; 

the  two  processes  may  take  place  together.  (Volckel.  Ann.  Pharm,  89, 
57;  see  also  ix.  418.)    H. 

3.  Tartaric  acid  heated  in  the  air,  froths  up,  emits  an  odour  of  burnt 
sngar,  takes  fire,  and  leaves  a  soft  charcoal.  —  4.  Tartaric  acid  mixed 
with  spongy  platinum  and  heated  in  a  stream  of  oxygen  gasy  begins  to 
form  carbonic  acid  and  water  at  160°,  and  at  250°,  is  completely  resolved 
into  these  two  products.  (Reiset  &  Millon.) 

5.  Chlorine  scarcely  exerts  any  decomposing  action  on  the  aqueous 
acid.  (Liebig.)  —  6.  Hot  nitric  acid  decomposes  tartaric  acid  Into  acetic, 
oxalic,  and  saccharic  acid.  (Hermbstadt.)  The  nitric  acid  solution 
mixed  with  basic  acetate  of  lead,  and  heated,  deposits  crystals  of  oxalo- 
nitrate  ofl  ead.  (Johnston.)  — %,  Finely  pulverized  tartanc  acid  dissolves 
quickly  in  4^  times  its  weight  of  mono-hydrated  nitric  acid;  and  on 
agitating  the  solution  with  an  equal  volume  of  sulphuric  acid,  it  forms  a 
crystalline  pulp,  which,  after  the  sulphuric  acid  has  been  absorbed  by 
continned  pressure  between  porous  plates,  forms  a  loose,  white,  silky,  mass, 
emitting  white  fumes  in  the  air.  This  product  consists  of  nitrotartaric 
acid.  (Dessaignes,  Compt  rend,  34,  731.)  %.  — 7.  Boiling  aqueous  iodic 
and  periodic  acids  slowly  decompose  tartaric  acid,  with  formation  of  tartaric 
acid  and  liberation  of  iodic.  (Benckiser,  Millon.) 

8.  Tartaric  acid  gently  heated  with  a  three  or  fourfold  quantity  of  oil 
of  vitriol,  till  sulphurous  acid  is  about  to  escape,  is  partly  converted  into 
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tarttalie  and  tarirelic  acids.  (Fremy.)  —  Wben  strongly  beated.  witk  a 
small  quantity  of  oil  of  vitriol,  the  acid  yields  carbonic  oxide,  carbonic 
acid,  and  sulphurous  acid,  and  leaves  a  black  mixture;  but  when  sub- 
jected to  a  gradually  increasing  beat  in  contact  with  a  large  excess  of 
fuming  oil  of  vitriol,  it  yields  at  first,  without  any  blackening,  carbonic 
oxide  and  sulphurous  acid  gases  (without  any  carbonic  acid)  in  the  ratio 
of  4  :  1,  and  ultimately  carbonic  oxide,  carbonic  acid,  and  sulphuroofl 
acid,  in  the  proportion  of  3  :  1  :  2  (Dumas  &  Piria): 

C8H«0»s  +  2S0«  =  6H0  +  SCO  +  2S02; 

but  at  the  temperatnre  which  is  ultimately  attained,  1  vol.  of  carbonic 
oxide  out  of  the  four  is  oxidised  by  the  sulphuric  acid  to  carbonic  acid, 
and  1  vol.  more  of  sulphurous  produced  thereby  at  the  same  time. 
(Dumas  &  Piria.)  The  evolution  of  carbonic  oxide  had  been  previously 
observed  by  Dbbereiner.  (GUb.  72,  201.) 

8.  A  cold  mixture  of  equal  parts  of  tartaric  acid  and  bichromate  of 
pokuh  and  a  small  quantity  of  water,  assumes  a  dark  greenish  brown 
colour;  becomes  gradually  heated  to  the  boiling  point;  gives  off  a  large 
quantity  of  carbonic  acid;  and  leaves  a  dark  greenish  brown,  nearly  black 
liquid  containing  formic  acid.  (Winckler,  Kepert,  46,  466;  Q5,  189. — 

10.  Tartaric  acid  reduces  vanadic  acid  to  vanadic  oxide.  (Berzelius.)  — 

11.  Heated  with  peroxide  of  manganese  and  water,  it  becomes  hotter,  and 
gives  off  carbonic  and  formic  acids  with  strong  effervescence,  while  for- 
miate  and  tartrate  of  manganese  remain  in  solution;  on  addition  of 
sulphuric  acid,  the  tartaric  acid  is  completely  decomposed,  and  all  the 
formic  acid  expelled,  with  formation  of  sulphate  of  manganese.  (Dobe- 
reiner,  Gilb,  71,  107;  also  Schw.  35,113;  Persoz) — 12.  Crystallized 
tartaric  acid,  to  the  amount  of  150  pts.  (1  At.)  triturated  with  480  pts. 
(4  At)  peroxide  of  lead  at  16°,  rises  in  a  few  seconds  to  a  red  beat,  and 
bums  away  with  a  glimmering  light,  giving  off  carbonic  acid  gas  with  an 
odour  of  formic  acid.  (Walcker,  Pogg.  5,  536.)  —  Bottgor  {J,  pr.  Chem, 
8,  477)  prefers  5  pts.  of  well-dried  tartaric  acid  and  16  pts.  of  the 
peroxide.  —  When  I  pt.  of  tartaric  acid,  5  pts.  of  peroxide  of  lead,  and 
10  pts.  of  water  are  mixed  at  ordinary  temperatures,  pure  carbonic  acid 
is  evolved,  and  a  solution  of  formiate  of  lead  obtained,  while  the  unde- 
composed  portion  of  peroxide  of  lead  is  often  mixed  with  tartrate  and 
carbonate  of  lead.  (Persoz,  Compt  rend,  11,  5*22;  also  J,  pr.  Chem,  23, 54; 
Bbttger,  BeUr,  2,  124.)  —  13.  Tartaric  acid  boiled  with  sUver-solfition 
reduces  the  silver;  if  it  be  boiled  with  potash  and  oxide  of  silver  as  lung 
as  the  latter  continues  to  be  reduced,  the  acid  is  converted  into  oxalic 
acid  with  evolution  of  carbonic  acid.  (Erdmann,  Ann.  I^harm,  21,  14.)  — 
14.  Tartaric  acid  neutralized  by  alkalis  (but  not  the  free  acid)  reduces 
gold  from  the  chloride  without  evolution  of  carbonic  acid  (Pelletier),  and 
platinum  from  the  bichloride  in  the  form  of  platinum-black, with  evolution 
of  carbonic  acid.  (R.  Phillips,  FhU  Mag.  J.  2,  94.)  —  Neutral  tartrate  of 
potash  added  to  solution  of  mercuric  chloride  forms  a  precipitate  of  calomel, 
even  in  the  dark.  (Brandos,  Ann.  Pharm,  11,  88.) 

15.  Heated  potassium  and  sodium  decompose  the  acid  with  strong 
effervescence,  the  latter  also  with  slight  emission  of  light,  yielding  char- 
coal and  alkali.  (Gay-Lussac  &  Th^uard.) 

16.  Aqueous  tartaric  acid  decomposes  by  keeping,  but  only  in  the 
dilute  state,  producing  a  small  quantity  of  acetic  acid;  when  digested  for 
some  weeks  with  alcohol,  it  is  converted  into  vinegar.  (Bergman.)  — 
%,  According  to  Wittstein  (i\r.  Jahrh,  Pharm,  2,  229),  the  aqueous  sola- 
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tion  .of  tartaric  acid  is  by  no  means  so  much  inclined  to  decomposition  as 
is  commonly  supposed:  a  solution  uf  tartaric  acid  in  5  times  its  weight  of 
water  exhibited  after  the  lapse  of  a  year  —  during  which  a  fungus  bad 
formed  in  it — the  original  amount  of  acid.  —  According  to  Stiuleler  & 
Kranse  {Chem.  Gaz,  1855,  67),  a  fresh  solution  of  tartaric  acid  does  not 
reduce  an  alkaline  solution  of  cupric  oxide  at  a  boiling  heat;  but  a  solu- 
tion which  has  been  kept  for  some  time  effects  the  reduction^  and  with 
greater  rapidity  as  it  is  more  dilute. 

17.  When  a  solution  of  neutral  tartrate  of  potash  is  subjected  to  the 
action  of  a  powerful  voltaic  current,  the  gas  evolved  at  the  positive  pole 
contains  carbonic  acid  and  carbonic  oxide,  resulting  from  the  combustion 
of  the  acid  by  oxygen  evolved  at  that  pole  from  the  water.  (Martens, 
InstiL  1853,  117.)  % 

Comhinations,  With  Water.  —  Aqueom  Tartaric  add,  —  The  acid 
dissolves  in  ^pt.  of  cold  and  in  a  still  smaller  quantity  of  boiling  water. 
The  concentrated  solution  has  the  consistence  of  a  syrup. 

100  pts.  of  the  aqueous  solution  contain  of  the  crystallized  acid: 

According  to  Ricbter. 


Sp.  gr.           Acid. 
1-36     ....     64-56 

Sp.  gr.  Acid. 
....     1-16     ....     3206 

1-32     ....     5875 

....     112     ....     24-98 

1-28     ....     52-59 

...     1-08     ....     17-45 

1-24     ....     46-03 

....     104     ....       9-06 

1-20     ....     3904 

According  to  Osann 

{KoMtn,  Arch.,  3,  396.] 

Sp.  gr.          Acid. 
1-274     ....     51-42 

Sp.  gr.  Acid. 
....     1109     ....     22-27 

.1-208     ....     40-00 

...     1068     ....     14-28 

1174     ...     34-24 

....     1023     ....       5-00 

1155     ....     30-76 

....     1-008     ....       1-63 

1-122     ....     2300 

The  acid  dissolved  in  water  turns  the  plane  of  polarization  of  a 
luminous  ray  to  the  right  (vii.  65),  the  angle  of  deviation  corresponding 
exactly  to  the  quantity  of  acid  traversed  by  the  ray  (Biot,  Compt.  rend, 
also  Fogg,  38,  179).  —  ^.  The  greater  number  of  optically  active  sub- 
stances exhibit  the  same  specific  rotatory  pov)er*  whether  they  are  used  in 
the  pure  state,  or  diluted  to  any  extent  with  optically  inactive  solvents. 
But  tartaric  acid  and  its  compounds  form  an  exception  to  this  rule.  Tiie 
optical  power  of  the  molecules  of  tartaric  acid  is  continually  increased 
by  addition  of  water,  and  in  a  still  greater  degree  by  the  addition 
of  extremely  small  quantities  of  boracic  acid,  which  is  itself  inac- 
tive. —  The  dispersion  of  the  planes  of  vibration  of  th^  different 
coloured  rays  by  circular  polarization  likewise  exhibits  exceptional  rela* 
tions  in  the  case  of  tartaric  acid.  In  all  other  substances,  the  deflection 
increases  with  the  refrangibility  of  the  ray;  but  in  tartaric  acid,  the  plane 

*  Let  a  denote  the  deviation  of  the  plane  of  vibration  of  the  ray  in  ita  passage 
through  a  stratum  of  liquid  of  length  /  and  density  ^,  and  c  the  quantity  of  the 
optically  active  substance  in  the  unit  of  weight  of  the  solution :  then  : 

(a)    . 


is  the  specific  rotatory  power  for  the  givea  coloured  ray.  (Biot.) 
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of  vibration  of  the  green  ray  is  more  strongly  deflected  than  those  of  the 
red  and  blue,  and  that  of  the  violet  least  of  all.  Moreover^  the  ratios  of 
these  angles  of  deviation  are  altered  by  addition  of  water  and  boracic 
acid,  being  thereby  bronght  nearer  to  the  ordinary  deviations  produced 
by  other  bodies.  Even  -g^^  of  boracic  acid  is  sufficient  to  reduce  the 
abnormal  dispersion-relations  of  tartaric  acid  to  the  normal  relations 
observed  in  quartz,  sugar,  &c.  Hence  it  appears  that  the  molecules  of 
tartaric  acid  are  altered  in  their  chemical  nature  by  addition  of  water, 
and  still  more  of  boracic  acid,  without  however  undergoing  actual 
decomposition.  (Biot,  y,  Ann.  Chim.  Phys,  36,  257;  abstr.  Compt 
rend,  35,  233;  IndU.  1852,  349;  Ann.  Pharm,  84,  160;  Jahresber, 
1852,  165.)  T. 

Tartaric  acid  with  Boracic  acid, — The  two  crystallized  acids  triturated 
together  while  warm,  unite  even  out  of  contact  of  air,  into  a  pasty  mass, 
which  solidifies  on  cooling,  and  deliquesces  in  the  air.  (Thevenin, 
J,  Pharm,  2,  421.)  —  A  mixture  of  pulverized  tartaric  and  boracic  acids 
deliquesces  in  air  saturated  with  moisture,  in  which  either  of  the  two 
acids  in  the  separate  state  would  remain  dry.  Boracic  acid  dissolves 
more  abundantly  in  water  containing  tartaric  acid  than  in  pure  water, 
though  the  solubility  does  not  increase  exactly  in  proportion  to  the 
quantity  of  tartaric  acid  present.  By  repeated  crystallization,  all  the 
boracic  acid  may  be  recovered  from  the  solution.  (Soubeiran,  J,  Pharm, 
10,  395;  also  JBIa^.  Pharm.  8,  221.)  —  According  to  Wittstein  {Pharm. 
Centr.  1851,  61),  boracic  acid  does  not  form  a  chemical  compound  with 
tartaric  acid  without  the  intervention  of  a  base.  The  deliquescence  of  a 
mixture  of  the  two  acids  arises  from  the  boracic  acid  abstracting  from 
the  tartaric  acid  a  portion  of  its  water,  and  thereby  converting  it  into 
hygroscopic  tartaric  acid. 

Tartaric  acid  wiiUi  Nitric  oxide.  —  The  aqueous  acid  saturated  at  37** 
(but  not  the  pulverized  acid)  absorbs  a  considerable  quantity  of  nitric 
oxide  gas.  The  colourless  liquid,  after  a  while,  deposits  needles  which 
appear  to  consist  merely  of  tartaric  acid;  it  evolves  no  gas  even  when 
boiled,  but  produces  a  deep  brown  colour  with  protosnlphate  of  iron. 
(Reinsch,  /.  pr.  Chem.  38,  394.) 

Tartrates.  —  The  acid  has  a  powerful  affinity  for  bases.  Its  alcoholic 
solution  does  not  decompose  carbonates  unless  water  be  present  (Pelouze), 
because  tartrates  are  insoluble  in  alcohol.  (Braconnot.)  —  The  acid  forms 
chiefly  natural  salts  =  C*H*MH)^»,  and  acid  salts  =  C^H»MO^*.  Respecting 
the  ftalts  in  which  the  metallic  oxide  contains  30,  see  especially  those  of  nranic  and 
antimonic  oxide.  —  Liko  free  tartaric  acid,  all  tartrates  dissolved  in  water 
turn  the  plane  of  polarization  of  light  to  the  right;  only  the  concentrated 
solution  of  tartrate  of  alumina  in  water,  and  the  solution  of  tartrate  of 
lime  in  hydrochloric  acid,  exhibit  rotation  to  the  left.  (Biot^  J.  Chim. 
mid.  12,  8.)  With  this  is  connected  the  fact  that  the  crystals  of  all 
tartrates  are  hemihedral,  and  exhibit  unsymtnetrical  faces  on  the  right 
side,  excepting  the  neutral  tartrate  of  lime,  which  likewise  exhibits  the 
opposite  optical  relation. «  (Pasteur, 'iV^.  Ann.  Chim.  Phys,  24,  442;  — 
Compt.  rend.  29,  297;  Chem.  Soc.  Qtc,  J.  3,  79;  further,  N.  Ann.  Chim. 
Phys.  38,  437;  Compt,  rend.  35,  176;  Ann.  Pharm.  84,  157.)  —  The 
tartrates  yield  by  dry  distillation  the  same  products  as  the  free  acid, 
viz.  carbonic  acid,  and  a  carburetted  hydrogen  gas,  acetic  acid,  pyro- 
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tartaric  acid,  empyreumatio  oils  of  various  deerees  of  yolaiility,  and 
leave  a  carbonaceous^  often  pyrophoric  residue.  When  heated  in  the  air, 
they  emit  an  odour  of  malic  acid.  Their  dilute  solutions  are  inclined  to 
become  mouldy.  A  dilute  solution  of  tartrate  of  potash,  mixed  with  a 
small  quantity  of  ferment,  e.  g,  an  aqueous  extract  of  almond-paste 
prepared  in  the  cold  and  left  in  a  warm  place,  is  quickly  converted  into 
carbonate.  (Buchner,  Jun.  Ann.  Pharm,  78,  203.)  —  The  soluble  alkalis 
form  with  tartaric  acid,  neutral  salts  which  are  easily  soluble  in  water, 
and  acid  salts  which  are  sparingly  soluble.  The  neutral  tartrates  of 
most  other  bases  are  insoluble  or  sparingly  soluble  in  water,  but  dissolve 
on  addition  of  tartaric  acid.  These  salts  likewise  dissolve  readily  in 
hydrochloric  or  nitric  acid.  All  tartrates  dissolve  in  excess  of  aqueous 
ammonia,  potash,  or  soda,  excepting  the  silver-salt,  which  is  insoluble 
in  potash  and  soda,  and  the  mercury-salts,  which  are  not  poluble  in  either 
of  the  three  alkalis.  From  the  solution  of  a  tartrate  in  water  or  acid, 
bisulphate  of  potash  throws  down,  after  a  while,  a  precipitate  of  bitartrate 
of  potash.  —  Tartaric  acid  forms  a  great  number  of  double  salts. 

Tartrate  op  Ammonia.  —  a.  NeuiraL  —  The  aqueous  acid  supersa- 
turated with  carbonate  of  ammonia,  is  evaporated,  with  frequent  addition 
of  carbonate  of  ammonia,  and  cooled  to  the  crystallising  point.  Trans- 
parent, colourless  prisms  belonging  to  the  oblique  prismatic  system. 
Fig,  89;  but  instead  of  the  f-hce  there  is  an  e-face  between  i  and  m; 
t  :  i»  =  91"*  51';  *  :  «  =  127*  40';  e  :m  —  140»  29';  o  :  a  =  110°  10'; 
t  :  a  =  124'*  55',  a  :  h  below  =  124**  24';  a  :  a  at  the  side  =  105"*  9'; 
t  :  a  =  1 16°  50';  i  :  A  =  88°  56';  ir  :  a  =:  137°  39';  «»  :  a  =  143°  50'; 
tf  :  a  =  110°  28'.  The  a-faces  at  one  end  are  enlarged  so  as  to  obliterate 
the  a  and  h  faces.  (Prevostaye,  N,  Ann.  Chim,  Fhys,  3,  129.)  The 
crystals  are  therefore  hemihedral;  they  cleave  easily  parallel  to  t\  (Pasteur, 
comp,  Neumann,  Sehw.  64,  197;  Rammelsberg,  Pogg.  96,  23).  —  Ac- 
cording to  Pasteur  also  {N.  Ann.  Chim.  Phy$,  42,  418;  Compt.  rend.  39, 
20;  Jahretiber.  1854,  395)  this  salt  is  dimorphous.  From  a  solution  of 
the  acid  ammonia-salt  supersaturated  with  ammonia,  it  separates  in  the 
above-described  crystals  of  the  oblique  prismatic  system;  but  from  a 
solution  of  that  salt  mixed  with  neutral  malate  of  ammonia  (either 
active  or  inactive,  but  most  readily  with  the  latter),  the  neutral  tartrate 
of  ammonia  separates  in  crystals  having  the  same  composition  and 
properties  as  the  preceding,  but  belonging  to  the  right  prismatic  system. 
(See  also  N.  Ann.  Chim.  Fhys.  38,  437.)  — The  salt  tastes  like  nitre, 
effloresces  in  the  air  from  loss  of  ammonia,  is  decomposed  by  heat, 
and  dissolves  readily  in  water.  —  Its  solution,  exposed  to  light  for  half 
a  year,  exhibits  scarcely  any  turbidity,  but  becomes  alkaline.  (Horst, 
Br.  Arch.  4,  257.) 

(hyitalt.  &Pirii*     R««nmel»berg. 

8  0 48  ....  2609  ....  257     ....  26-22 

2N 28  ....  15-22  ....  ....  14-88 

12  H 12  ....  6-52  ....  6-6     ....  6-55 

12  0 96  ....  52-17  ....  ....  52-35 

C8n*(NHVO"....  184     ....  10000    ....  ....  10000 

Or: 

Dolk. 

2NH» 34     ...     18-48     16-16 

C>H«0>3 150     ...     81-52 

184     ....  100-00 
VOL.    X.  1 
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6.  Add.  —  The  conoentrated  aqueous  solution  of  salt  a,  or  aqueous 
ammonia^  mixed  with  an  excess  of  concentrated  tartaric  acid,  yields  so 
copious  a  precipitate  of  the  sparingly  soluble  acid  salt  in  the  form  of 
delicate  needles,  that  it  solidifies.  —  The  transparent,  colourless  crystals 
belong  to  the  right  prismatic  system;  Fig.  56,  but  with  m-faces  in  addi- 
tion, and  always  two  faces  between  u  and  t;  %  :  i=zllO^  32';  t  :  a  = 
141°  12';  a  :  a  behind  =  127°  12';  t*  :  w'  =  70°  44';  «  :  a  =  116°  24'; 
t  :u=s  125°  22'.  (Prevostaye.)  According  to  Pasteur,  the  crystals  ex- 
hibit hemihedry  to  the  right  by  beyelling  in  opposite  directions,  some- 
what as  in  ^.  72,  so  that,  standing  opposite  to  t^  the  upper  bevelling 
face  lies  to  the  right.  IT.  According  to  a  later  investifi;ation  of  Pasteur  s 
(iT.  Ann,  Ch,  Phys.  88,  446;  JahreAer,  1853,  415)  the  crystals  of  this 
salt  belong  to  the  oblique  prismatic  system;  and  are  holohedral  when 
obtained  &om  a  solution  in  pure  water  or  weak  nitric  acid,  but  hemi- 
hedral  when  crystallised  from  a  solution  mixed  with  a  considerable 
quantity  of  acid  tartrate  of  soda.  % 

Crjfitali,  Dum.  &  Piria. 

8  C  48     ....     28-74     28*8 

N  14     ....       8-38 

9  H 9     ....      5-39    «-6 

12  0 96    ....    57*49 

C9H«(NH*)0»  167    ....  10000 

Or: 

Dttlk. 

NH»    17    ....     11*08    10-68 

C8H«0» 150     ....     89-82 

C9H»(NH<)0"  167    ....  10000 

%  Acid  TartroTnalafe  of  Ammonia.  —  Acid  tartrate  of  ammonia  com- 
bines with  the  acid  ammonia-salt  of  optically  active  malic  acid  in  equal 
numbers  of  atoms.  From  a  solution  of  the  two  salts  in  this  proportion 
in  a  large  quantity  of  hot  water,  the  acid  tartrate  crystallizes  on  cooling : 
the  mother-liquor  when  evaporated  and  cooled,  yields  the  double  salt  in 
indistinct  prisms  (thick  acuminated  prisms);  and  from  the  mother-liquor 
decanted  from  these  crystals,  and  again  evaporated  and  cooled,  the  same 
double  salt  is  deposited  in  white  warty  nodules;  the  last  mother^liquor 
yields  nothing  but  acid  malate  of  ammonia.  —  From  a  solution  of  equal 
numbers  of  atoms  of  acid  tartrate  and  acid  malate  of  ammonia  in  only 
four  times  their  weight  of  hot  water,  the  double  salt  crystallizes  on 
cooling,  mixed  with  acid  tartrate  of  ammonia,  every  two  tables  of  the  * 
double  salt  having  a  narrower  table  of  pure  acid  tartrate  of  ammonia 
inserted  between  them.  —  The  double  salt  is  best  obtained  by  dissolving 
1  pt.  of  acid  tartrate  and  2  pts.  of  acid  malate  of  ammonia  in  15  pts.  of 
hot  water,  and  leaving  the  -solution  to  crystallise. -— It  dissolves  in 
11*8  pts.  of  water  at  15  .  The  solution  acts  upon  polarized  light  exactly 
in  the  same  manner  as  a  mixture  of  the  two  simple  salts  in  equal 
numbers  of  atoms.  When  recrystallised,  it  undergoes  partial  decom- 
position.   (Pasteur,  i\r,  Ann,  Chim.  Fhys.  38,  437;  Jahresber.  1853,  417.) 

Calculation,  according  to  Patteur, 

C«H*(KH^)0" 167  ....  52-51 

C«H*(NH^)0^° 151  ....  47-49 

e>li»(NH*)0»,C»H*(NH*)0» 318  ....  10000 


TARTARIC  ACID.  275 

TabTEATB  op  PoTAAH.«»a.  Neuind.  —  Tartarinrtv  Wnnstein,  Tariant9 
iartarisatui,  Sai  wgetabUe,  —  By  heating  the  hitartrate  with  water  and 
carbonate  of  potash  or  carbonate  of  lime  till  it  is  neutralised.  On  evapo- 
lating  the  solotion,  it  is  obtained  in  the  form  of  a  white  powder,  having 
a  saline  bitterish  taste.  Crystallizes  bj  slow  evaporation  in  transparent, 
colourless  prisms  belonging  to  the  oblique  prismatic  system.  Nearly  the 
form  of  Fig,  109,  without  o-faces;  i  :f  behind  =  142°  13';  i  :  e  = 
127^  17';  c  :/=  89°  30';  u:m  =  112°  35';  u:c  =  103°  35';  u:i=z 
95^  35'.  (Prevostaye.)  Brooke  (Ann.  FhU.  23, 161),  according  to  whom 
the  crystal  is  deavable  in  the  direction  of /and  c,  places  the  figure  in  a 
different  manner,  but  gives  also  the  angles,  142°  13';  127°  17';  89°  30'; 
and  103°  40';  compare  also  Bernhardi  {N.  GM.  8, 417,  and  N,  Tr.  7, 2, 51); 
Hankel  (Po^^.  53,  620);  Rammelsberg  {Pogg.  96,  19).  These  crystals, 
according  to  Hankel,  Pasteur,  and  Rammelsberg,  likewise  exhibit  hemi- 
hedry.  —  The  crystals  do  not  give  off  any  thing  at  100°;  but  at  180° 
they  part  with  3*8  per  cent,  of  water,  and  between  200°  and  220^  they 
give  off,  without  any  colouring,  from  5  to  5*5  per  cent,  more  of  acetone 
and  other  products,  while  a  large  quantity  of  carbonate  of  potash  remains 
in  the  residue.  (Dumas  &  Piria.)  At  higher  temperatures,  the  salt 
melts  and  decomposes  with  intumescence.  By  dry  distillation,  it  yields 
37-5  per  cent,  of  watery  distillate  (containing  005  p.  c.  of  pyrotartario 
acid,  besides  acetic  acid,  resin,  <Sbc.)  and  6*25  per  cent,  of  brown  oil. 
(Gmner.) 

From  the  aqneous  solution  of  this  salt,  most  acids  (even  a  stream  of 
carbonic  acid,  according  to  Dive, «/.  Fharm,  7,  489;  also  Schw,  34,  261) 
throw  down  the  hitartrate;  according  to  N.  £.  Henry  («/.  FJiarm.  12,  80) 
the  precipitate  formed  by  sulphuric,  hydrochloric,  or  nitric  acid  redissolves 
in  an  excess  of  the  acid.  Bromine  likewise  precipitates  the  hitartrate, 
with  formation  of  bromide  of  potassium,  and  without  exerting  any 
decomposing  action  on  the  tartaric  acid.  (Cahours,  N.  Ann.  Chim.  Phys, 
19,  507.)  The  salt  triturated  with  ^V  ^^  iodine  assumes  a  pale  red,  and 
on  addition  of  water,  a  brown  colour.  (Vogel.)  —  1  pt.  of  the  salt  dis- 
solves at  2°  in  075,  in  14°  in  066,  at  23°  in  0*63,  and  at  64°  in  047  of 
water.  (Osann.)  In  air  completely  saturated  with  aqueous  vapour,  it 
deliquesces,  taking  in  53  days  82  3  per  cent,  of  water.  (Brandos,  Schw, 
51,  426.)     It  dissolves  in  240  pts.  of  boiling  alcohol.  (Wenzel.) 
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b.  Add.  —  Tartar,  Weituiein,  Tartanu,  —  Occurs  most  abundantly  in 
grapes.  —  When  tartaric  acid  and  potash  in  aqueous  solution  are  mixed 
together^  with  the  add  in  excess,  there  is  generally  formed  after  a 

T  2 
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wLtle  —  provided  tlie  solations  are  not  too  dilate,  the  temperatare  not 
too  higli^  and  there  is  not  too  great  an  excess  of  any  of  the  stronger 
mineral  acids  present,  —  a  precipitate  of  the  acid  tartrate  of  potash 
consisting  of  small  crystals.  In  a  similar  manner,  tartaric  acid  throws 
down  the  acid  tartrate  from  all  potash-salts  dissolved  in  not  too  large  a 
quantity  of  water;  and,  according  to  Pettenkofer,  it  affords  for  these 
salts  a  more  delicate  reagent  than  bichloride  of  platinum,  inasmuch  as 
tartaric  acid  at  10"  precipitates  a  solution  of  carbonate  of  potash  (sub- 
sequently neutralised  with  acetic  acid)  in  700  to  800  parts  of  water  in 
12  to  18  hours,  whereas  chlorido  of  platinum  gives  no  precipitate  in  a 
solution  containing  more  than  500  pts.  of  water;  but  in  presence  of 
common  salt,  the  precipitation,  either  by  tartaric  acid  or  by  chloride  of 
platinum,  docs  not  take  place,  unless  the  proportion  of  water  is  limited 
to  iOO  pts.,  or  even  less.  —  Perchlorate  of  potash  is  not  precipitated  by 
tartaric  acid,  since,  on  the  other  hand,  perchloric  acid  throws  down 
perchlorate  of  potash  from  a  saturated  solution  of  the  acid  tartrate 
(Sefiillas,  .iiwn.  Ghim.  Fkys.  46,  297);  bisulphate  of  potash  also,  accord- 
ing to  Jacquelain,  yields  no  precipitate  of  acid  tartrate  with  tartaric 
acid.  —  Moreover,  the  stronger  acids  added  to  a  solution  of  the  neutral 
tartrate,  throw  down  the  acid  tartrate,  and  according  to  Berzelius, 
bisulphate  of  potash  precipitates  it  from  solutions  of  other  tartrates. 

The  crude  Taiiar,  Argol,  roher  Weinstein,  Tartainia  crudus,  containing 
the  colouring  matter  deposited  from  the  wine,  the  ferment,  and  about 
6  per  cent,  of  tartrate  of  lime,  is  converted  by  solution  in  hot  water, 
filtering,  crystallisation,  and  treatment  with  clay  in  copper  vessels,  into 
Purified  Tartar,  Cream  of  Tartar,  Crystals  of  Ta^'tar,  Cremor  Tartari, 
Tai'tarus  depuratus,  —  This  purified  tartar  often  contains  copper,  and 
constantly  also  tartrate  of  lime  to  the  amount,  according  to  Vauquelin 
Ann,  Chim.  63,  33,)  of  5  to  7,  and  sometimes  according  to  Duflos  (Jv.  Br. 
Arch.  23,  302,)  even  of  16  per  cent.  The  quantity  of  lime  is  best  deter- 
mined by  ignition,  solution  in  hydrochloric  acid,  and  precipitation  with 
oxalate  of  ammonia.  To  remove  it,  12  pts.  of  purified  tartar  are  treated 
for  24  hours,  at  20°  to  25°,  with  a  mixture  of  1  pt.  commercial  hydro- 
chloric acid  and  6  pts.  water,  and  after  draining,  well  washed  with  cold 
water.  (Duflos.)  — If.  Gadicke,  {Arch,  Pharm.[2'],  67,  44,)  recommends 
for  the  purification  of  calcareous  tartar,  to  dissolve  it  in  1^  times  its 
weight  of  hydrochloric  acid  of  sp.  gr.  1*145,  diluted  with  an  equal  weight 
of  water,  strain  the  liquid  through  linen,  and  mix  it  with  such  a  quantity 
of  milk  of  lime  or  solution  of  carbonate  of  soda,  that  sufficient  hydro- 
chloric acid  may  remain  free  to  hold  the  tartrate  of  lime  in  solution.  IT. 

White,  hard,  transparent  prisms  (translucent  if  they  contain  tar- 
trate of  lime,)  having  a  sourish  taste,  and  permanent  in  the  air.  They 
belong  to  the  right  prismatic  system.  Fig.  56.  They  cleave  very  easily 
parallel  to  m,  (that  is,  to  the  edge  between  t^  and  u  backwards  and  per- 
pendicular to  <);  less  easily  parallel  to  t,  u\  and  u;  w'  :«=  107^  30'; 
w' :  t  =  126^  15;  t*  :  a  =  1 17^  2';  i :  <  =  125°  30';  i  :  i  backwards  =  109°; 
a  to  the  left  above  :  a  to  the  right  below  =  77°.  Generally  some  of  the 
faces,  especially  a,  are  disproportionately  large,  while  others  disappear. 
(Brooke,  Ann.  JPkil.  23,  161.)  Similarly,  Prevostaye,  according  to  whom 
the  acid  tartrate  of  potash  is  isomorphous  with  acid  tartrate  of  ammonia, 
but  not  with  tartaric  acid,  whence  K  or  NH^  appears  not  to  be  isomor- 
phous with  H.  {Comp.  Wollaston  Ann.  Phil.  10,  37 j  Schabus,  Wien. 
Akad.  Ber.  1850,  42;  Jahretber.  1850,  377.) 
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Air.dned  Crystaii.        Berzeliu«.    y^^^^%^    Thomwii.     ^'    ™; 

KO 47-2     ....     2508     ....     24*80     ....     24*94     ....     26*6     ....     23     ....     33 

C«H*0«>....  132*0     ....     7014     ....     70*45     ....     7082 1  ,-  .  -^  r57 

HO    90     ....       4-78     ....       4*75     ....      4*24/   -    ''*  *     •••    /'       "X   7 

CH»KO»    188*2     ....  100*00    ....  100*00    ....  10000    ....  100*0    ....  100    ....     97 

The  crystals  cannot  be  farther  dehydrated  by  heat.  (Phillips.) 
But  crystals  which  have  been  merely  dried  in  the  air  give  off,  when  heated,  4  per  cent, 
of  hygroscopic  water,  which  they  absorb  again  in  16  days,  if  eipoaed  to  a  thorooghlr 
moist  atmosphere.  (Brandes,  8chw,  51,  425).  — 100  pts.  of  purified  tartar  yield 

by  dry  distillation  37*9  pts.  of  a  mixture  of  carbonic  acid,  carbonic 
oxide,  carburetted  hydrogen,  and  defiant  gas;  14*0  pts.  of  watery  dis- 
tillate, in  which,  as  the  distillation  proceeds,  the  amount  of  formic  acid 
continually  increases;  pyrotartaric  acid,  which,  tbwards  the  end  of  the 
distillation,  sublimes  in  yellowish  white  needles;  4*2  pts.  of  empyreu- 
matic  oil,  which  at  first  passes  over  light  and  pale  yellow,  'then  conti- 
nually browner,  heavier,  and  more  viscid,  and  at  last  tarry;  and  as 
residue,  40*9  pts.  of  a  mixture  of  charcoal  and  carbonate  of  potash. 
(Oobel.)  —  1 00  pts.  yield  by  rapid  distillation  33  pts.  of  watery  liquid, 
containing  a  large  quantity  of  acetic  (but  no  formic)  acid,  and  11  pts.  of 
pyrotartaric  acid. —  As  Weniselos  also  did  not  obtain  formic  acid,  it  is  probable 
that  Gdhel'ii  formic  add  was  merely  acetic.  — 100  pts.  of  tartar  leave  40  pts. 
of  a  mixture  of  31*25  pts.  of  carbonate  of  potash  and  8*75  pts.  of 
carbonate  of  lime,  and  charcoal  impregnated  with  sulphide  of  calcium 
(Brunner,)  —  Cream  of  tartar  free  from  lime  yields  36*37  pts.  of  car- 
bonate of  potash.  (Melandri  Contessi,  Ann,  Pharm.  5,311.) — Crude 
tartar  does  not  yield  any  pyrotartaric  acid.  (V.  Rose,  Gruner.)  As  it 
contains  a  certain  quantity  of  wine -lees,  it  leaves  a  small  quantity  of 
cyanide  of  potassium,  as  well  as  charcoal  and  carbonate  of  potash. 
(Hassenfratz,  BerChollet,  StcUique  ckim.  2,  232;  Gm.)  —  Cream  of  tartar 
mixed  with  nitre  detonates  slio^htly  when  touched  with  a  red-hot  coaL 
Salt  of  Tartar,  Black  and  White  Flax  (iii.  19,  20).  —  Cream  of  tartar, 
kept  for  years  in  a  moist  state,  undergoes  decomposition,  and  yields 
crystals  of  carbonate  of  potash.  (Hecht,  JSuU.  Fharm,  2,  206.)  Its 
aqueous  solution  becomes  mouldy,  and  yields  carbonate  of  potash  with  a 
small  quantity  of  oil.  (Berthollet.  Jf  em.  Parts,  1782.) — When  boiled  with 
lime  in  water,  it  gives  up  all  its  acid  to  the  lime.  (Scheele,  Osann.)  Tritu- 
rated with  -^  of  iodine,  it  yields  a  violet  powder,  which  becomes  brownish 
when  moistened  with  water.  (Vogel.)  —  It  dissolves  in  240  pts.  of  water 
at  10°  (Pettenkofer);  and  in  14  pts.  (Wenzel),  15  pts.  (A.  Vogel,  Brandes,) 
of  boiling  water.  —  It  dissolves  in  238  pts.  of  water  at  2*7°;  in  190  pts. 
at  13";  in  54  pts.  at  40"";  and  in  20  pts.  at  68""  (Osann);  In  195  pts.  at 
19°;  in  89  pts.  at  25*»;  in  47*5  pts.  at  37*5°;  in  37*8  pts.  at  60°;  in 
22  pts.  at  75"^;  in  16*8  pts.  at  87*5'';  and  in  15  pts.  at  lOO''  (Brandes  <& 
Wardenburg);  in  178  pts.  at  17*5°,  and  in  15*3  pts.  at  100*»  (Melandri 
Contessi).  —  Hydrochloric  acid  greatly  increases  the  solvent  power  of 
water  upon  cream  of  tartar;  then  follow  in  order :  sulphuric,  nitric, 
oxalic,  phosphoric,  and  citric  acids;  acetic  acid  has  very  little  influence; 
tartaric  acid  appears  rather  to  act  in  the  contrary  way.  From  the  solu- 
tion  in  water  containing  hydrochloric  acid,  alcohol  throws  down  cream 
of  tartar;  from  water  containing  sulphuric  acid,  it  precipitates  sulphate 
of  potash,  and  from  water  containing  nitrate  of  potash,  it  throws  down 
nitre.  (Destouches,  Bull.  Fharm,  1,  468.) 
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TaHrate  of  Boracic  acid  and  Fotash.  —  Tartanu  horaxaimg  or  Oremor  Tar* 
tori  saluMlia  of  the  Frencb.  —  Obtained  by  heating  cream  of  tartar  for  some 
time  with  water  and  boracic  acid^  which  latter,  assuming  the  part  of  a 
salifiable  J)ase,  takes  up  half  the  tartaric  acid,  and  thereby  forms  a  kind 
of  double  salt.  Boracic  acid  is  rendered  much  more  soluble  in  water  by 
the  presence  of  cream  of  tartar,  and  the  latter  also  by  the  presence  of 
boracic  acid.  If  the  boracic  acid  is  in  excess  in  the  compound,  that  is 
to  say,  if  there  be  less  than  188  pts.  (1  At.)  cream  of  tartar  to  61*8  pts. 
(1  At.)  crystallized  boracic  acid),  it  may  be  extracted  by  alcohol;  when, 
on  the  other,  hand,  the  cream  of  tartar  is  in  excess,  that  is.  when  there  is 
more  than  6^5  pts.  (3  At.)  cream  of  tartar  to  123*6  pts.  {2  At.)  boracio 
acid,  this  excess  remains  for  the  most  part  undissolved  on  digesting  the 
mixture  with  a  small  quantity  of  cold  water.  The  two  following  definite 
compounds  appear  to  be  distinguishable. 

a.  KO,BO^C«H*0»*»=C«H*(BO')0"  — When  61*8  pts.  (1  At.) 
boracic  acid  are  digested  for  24  hours,  at  60°  to  70*^,  with  247' 2  pts. 
of  cream  of  tartar,  the  mixture  then  evaporated  to  dryness,  the 
residne  dissolved  in  a  little  cold  water,  and  the  solution  filtered, 
188'49  pts.  (1  At.)  cream  of  tartar  remain  in  solution;  and  on  eva- 
porating and  drying  the  residue  for  a  considerable  time,  214*2  pts. 
(1  At.)  of  tartrate  of  boracic  acid  and  potash  are  obtained;  and  this, 
when  burnt,  leaves  84*4  pts.  (a  little  more  than  1  At.)  of  monoborate 
of  potash;  or,  according  to  another  experiment,  100  parts  of  the  dry 
double  salt,  leave  38  pts.  of  borate  of  potash  free  from  carbonate.  The 
salt  contains,  therefore,  1  At.  potash,  1  At.  boracic  acid,  and  I  At.  tar- 
taric acid.  —  IfVhen  boracic  acid  is  heated  to  the  boiling  point  for  10 
minutes  with  excess  of  cream  of  tartar,  a  double  quantity  of  the  latter 
is  dissolved,  and  the  filtrate  does  not  deposit  anything  till  it  is  evapo- 
rated and  cooled,  when  it  deposits  nearly  half  the  cream  of  tartar. 
(Dnflos,  Schw  64,  188,  and  335.) 

A  solution  of  1  pt.  crystallized  boracic  acid  and  2  pts.  cream  of  tartar 
in  24  pts.  of  boiling  water  is  evaporated;  the  compound  precipitated  from 
the  concentmted  liquid  by  alcohol;  and  the  soft  mass  triturated  in  the  heated 
liquid,  dissolved  three  or  four  times  more  in  a  small  quantity  of  water,  and 
precipitated  each  time  in  the  same  manner  by  alcohol.  (Soubeiran.)  — 
Since  188*2  pts.  (1  At.)  cream  of  tartar  require  only  61*8  pts.  (1  At.) 
crystallized  boracic  acid,  2  pts.  of  cream  of  tartar  cannot  require  more  than 
0'66  pt.  of  crystallized  boracic  acid.  The  precipitations  with  alcohol 
serve  to  remove  the  excess  of  boracio  acid;  if  the  solution  of  boracio 
acid  and  cream  of  tartar  be  evaporated  to  diyness,  and  the  pulverized 
residue  repeatedly  boiled  with  alcohol,  the  alcohol  may  remove  a  portion 
of  the  boracic  acid,  even  from  the  compound  a,  thereby  producing  the 
compound  6.   (Soubeiran  ) 

'J'he  compound  obtained  by  evaporation  is  a  colourless,  gummy,  amor- 
phous mass,  which  softens  when  heated,  has  a  very  sour  taste,  and  dis- 
solves very  readily  in  water,  but  is  insoluble  in  alcohol.  Mineral  acids 
added  to  the  aqueous  solution  do  not  precipitate  either  cream  of  tartar 
or  boracic  acid;  tartaric  acid  throws  down  cream  of  tartar  after  a  few 
minutes.  Alcohol  of  sp.  gr.  0  81  removes  from  the  compound  both 
boracic  and  tartaric  acid.  (Dufios.) 

Dried  at  100**.  Soubeiraii. 

KO^ 47*2     ....  22-06 

BO» 34-8     ....  16-26 16-5i 

C8H^0>» 132-0     ....  61-68 

C«H*K(B05)0« 2140     ....  10000 
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Aoeordhif  to  Soabeinm,  the  salt  dried  at  100*  gires  off  at  285*,  without  ftirther 
deeompoaition,  8*10  p.  e.  (2  At)  water,  ao  that  there  remaina  KO,BO*,CSHSO^  aa 
in  the  caae  of  atrongly  heated  tartar-emetio  (q.  y.) 

-  h.  2C«H*K(B0*)0»+C^H»K0".  —  1  pt.  of  crystallized  boracic  acid 
end  12  pis.  of  cream  of  tartar  are  boiled  for  6  boars  with  a  large  quan- 
thy  of  water;  the  liquid  evaporated  down  to  a  small  quantity;  the 
motheMiquor  decanted  from  the  cream  of  tartar  which  crystallizes  out 
on  cooling,  eraporated  to  dryness;  the  residue  dissolved  in  a  small  quan- 
tity of  cold  water;  the  filtrate  again  evaporated;  the  residue  redissolved 
in  water^  &e.  &c.  as  long  as  any  cream  of  tartar  remains  behind;  and  the 
mass  obtained  by  evaporation  repeatedly  washed  with  boiling  alcohol. 
(Soubeiran.)  —  Of  the  same  composition  appears  to  be  Meyrac's  orys- 
iiklline  salt,  obtained  by  evaporating  an  aqueous  solution  of  1  pt.  of  dry 
boraoio  acid  and  8  pts.  of  cream  of  tartar  within  a  bell-jar  over  lime. 
Colon rlesSy  very  acid  crystals,  which  dissolve  readily  in  water,  very 
sparingly  in  alcohol  of  at  most  25°  Bm.  Their  aqueous  solution  sub^ 
jected  to  the  action  of  the  electric  current  yields  boracic  acid  with  a 
small  quantity  of  tartaric  acid  at  the  positive  pole,  and  acid  tartrate  of 
potash  at  the  negative  pole.  When  mixed  with  neutral  tartrate  of  potash, 
it  deposits  the  acid  tartrate.  Alcohol  added  to  it  throws  down  the  salt  in 
the  form  of  a  viscid  mass,  which,  under  the  further  influence  of  the 
alcohol,  becomes  white  and  solid  from  loss  of  water.  (Meyrac.) 

Dried  at  100^  Souheiran. 

2  BO» 69-6  ....  11-30    11-43 

2  C»H*KO"  358-4  ....  58-16 

C»H»KO'«  188-2  ....  30-54 

616-2     ....  100-00 

1  pt.  of  crystallised  boracic  acid  with  4  pts.  of  cream  of  tartar  yields 
4-5  pts.  of  dry  salt  (a  mixture  of  a  and  b),  which  tastes  very  aoid,  does 
not  give  np  any  boracic  acid  to  alcohol,  and  when  ignited  leaves  borate 
of  potash  with  a  small  quantity  of  carbonate.  From  its  hot  squeous 
solution,  the  stronger  acids — but  not  tartaric  acid — throw  down  boracic 
acid,  which  then  crystallises  out  on  cooling.  The  salt  is  not  deliquescent, 
but  dissolves  in  f  pt.  of  cold  and  ^  of  boiling  water.  The  hot  solution 
does  not  deposit  cream  of  tartar  on  cooling,  but  solidifies  in  a  gelatinous 
tranaparent  mass  containing  34  per  cent,  of  water.  (A.  Vogel.)  —  Some- 
times the  dry  mass  is  insoluble  in  cold  water,  but  becomes  soluble  in  it, 
after  immersion  for  a  few  seconds  in  boiling  water.  (Soubeiran.) 

With  5  or  more  parts  of  cream  of  tartar  to  1  pt.  of  crystallised 

boraeic  acid,  a  mass-  is  obtained  which,  when  dissolved  in  a  small  quantity 

of  cold  water,  leaves  behind  a  portion  of  the  cream  of  tartar.  (A.  Vogel, 

Soubeiran.) 

Compare  Destouchee  (Bull  Pharm,  1,  468),  Theyenin.    (/.  Pharm.   2,   423), 
Meyrac  {J.  Pharm.  3,  8).   A.  Vogel  (Sehw.  18.  189).     Soubeiran  (J.  Pharm.  10,  399; 
11,  560;  25,  241:)     Soubeiran  &  Capiteine  (J.  Pharm,  25,  741 ;  alao  Atm.  Pharm, 
34,  206).     Dalk.  Dnllos  {8ehw,  64,  188  and  333).     Wittatein  (Xepert.  Pharm.  [3.1 
6,  1;  Pharm.  Cenir.  1851,  61;  Jahresber,  1850,  378.) 

A  mixture  of  3  pts.  cream  of  tartar  and  1  pt.  borate  of  potash  is 
viscid,  very  sour,  and  deliquescent  (A.  Vogel.) 

The  hot  aqueous  solution  of  1  At.  tartaric  acid  and  1  At.  chlorate  of 
potash  does  not  deposit  cream  of  tartar  on  cooling,  bnt  yieldl  a  double 
fjalt.  (Do  Yrj,  Ann,  PJiarm,  CI,  248.) 
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Tartt'aie  of  Potcuh  and  Ammonia.  -—  SoMle  Tmriar,  wflo^eker  Weim$teim, 
Tartanu  9olul»ilU  ammoniacalU,  Tartarug  ommfmiatMs, —  Obtained  bj  netttralisiDg 

cream  of  tartar  with  ammonia  or  carbonate  of  ammonia.  —  PuWerised 

cream  of  tartar  is  dissolved  in  a  slight  excess  of  cold,  rooderatelj  strong 

ammonia;  the  solution  filtered  from  anj  tartrate  of  lime  that  maj  have 

separated;  then  evaporated,  fresh  ammonia  added  till  an  alkaline  reaction 

is  prodaced,  and  the  liqoid  left  to  cool;  or  cream  of  tartar  is  heated  with 

excess  of  aqaeous  carbonate  of  ammonia,  and  the  process  completed  in  the 

same  manner.     The  lower  the  temperature^  the  larger  and  more  solid  are 

the  crystals  obtained:  Comp.  Wittstein  {R^ert,  61,  215);  Fr.  BacbolE  (N.  Br. 
Arch.  11,  232);   Veling  {N.  Br.  Areh.  37,  38);   Rammekberg  {Pogff.  96,  25.)  — 

Transparent,  colourless  prisms,  isomorphous  with  neutral  tartrate  of 
potash.  rPrevostaje,  comp.  Pasteur,  i^.  Ann.  Chim,  PAy<.  38,  437.)  The 
crystals  nave  a  cooling,  pungent  taste;  become  opaque  in  the  air  from 
loss  of  ammonia  (Lassone,  CrdL  Ckem.  J.  5,  76);  give  ofi^,  when  heated  to 
140°  in  a  current  of  air,  12*4  p.  c.  therefore  perhaps  NH^,  while  pure 
cream  of  tartar  remains  in  a  very  friable  state  (Dumas  &  Piria);  and 
dissolve  very  readily  in  water. 

Crytt^s.  Bulk. 

NH»    17-0  ....      8-29     7-84 

KG 47-2  ....  23-00    21-35 

C*HH)» 141-0  ....  68-71 

C8H^(NH^KO»2 205-2     ....  100-00 

IT  Rammelsberg  obtained  a  salt  isomorphous  with  the  neutral  potash 
salt,  and  in  which  f  of  the  potash  in  that  salt  are  replaced  by  oxide  of 
ammonium. 

Cryttali.  Rammelsberg. 

fNH*0    31-2    ....     14-86    14-70    ....     1417 

4KO 37-7     ....     17-97    18-44     ....     18-55 

C»H«0«» 132-0    ....     62-88 

HO 9-0    ....      4-29 

O'H^{NH0*K^O»+Aq 2099     ....  10000 

In  conse(^ueuce  of  the  smaller  solubility  of  the  ammonia-salt,  a  solu« 
tion  containing  1  At.  of  each  of  the  two  salts  yields  at  first  crystals 
containing  a  larger  amount  of  ammonia  than  those  which  are  afterwards 
deposited.  (Rammelsberg.)  If 

2  pts.  of  cream  of  tartar  and  1  pt.  of  borate  of  ammonia  dissolved 
together  in  water  and  evaporated,  leave  a  gammy  acid  compound. 
Lassone,  CrdL  Chem.  J.  5,  86;  A.  Vogel.) 

Tartrate  of  Soda.  —  a.  NtvAral.  —  Tartaric  acid  is  neutralised  with 
carbonate  of  soda,  or  3  pts.  of  tartrate  of  lime  are  decomposed  by  boiling 
with  2  pts.  of  carbonate  of  soda  dissolved  in  water;  or  neutral  tsurtrate  of 
potash  IS  decomposed  by  an  excess  of  sulphate  of  soda.  Transparent, 
colourless  prisms  belonging  to  the  right  prismatic  system.  Fig,  65,  with 
an  w-face  between  »'  and  m;  y  :  y  =  132^  1 9'  (133''  according  to  Haberle; 
132°  44'  according  to  Prevostaye);  y  \t^\W  50';  tt'  :  t*  =  77'  19'; 
It'  :  tt  behind  =  102°  41'  (104°  30'  according  to  Haberle;  104°  50'  accord- 
ing  to  Prevostaye);  i*  :  «  =  141°  20'  (124^25'  according  to  Prevostaye). 
Bemhardi  (N.  Tr.  7,  2,  35).  y  :  t*  =  108°  30';  m  :  m  =  lS7  35'  (Prevos- 
taye.) According  to  Haberle  {A.  GM.  5,  538),  the  salt  likewise  forms 
rhombic  prisms  of  about  02^°  and  87^^  and  rectangular  prisms  iyid.  also 
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Sckabufly  £e$timmung  der  EtysUdlgedaUen  in  cheniUeken  Lahoraiarien 
eneagter  Frodticte,  Wien,  1855,  S.  63;  Jahrefber,  1854,  396.) —  By  rapid 
crystallisation,  the  salt  is  sonietimes  obtained  in  needles  united  in  bundles. 
Tbe  crystals  are  permanent  in  the  air  and  melt  in  their  water  of  crystal- 
lisation when  quickly  heated.  (Herzog,  N,  Br,  Arch.  31,  1.)  At  200°, 
they  begin  to  show  colour,  and  give  off  16  p.  c.  water.  (Dumas  &  Piria.) 
Thoy  dissolve  in  5  pts.  of  cold  and  in  every  proportion  of  hot  water,  but 
are  insoluble  in  absolute  alcohol  (Bucholz,  A.  GehL  5,  520);  in  3*46  pts. 
of  water  at  6'';  in  2*28  nts.  at  24"^;  in  1*75  pt  at  38'';  in  15  pt.  at  42  5 
(Osann);  in  2  pts.  of  cold  water.  (Herzog.) 

rt^  J  ?  Domas 

^♦'«^-  &  Piria, 

2N80    62-4  ....  27-09 

8  C 48'0  ....  20-83     ....     20*06 

8  H 80  ....       3-47     ....      3-56 

14  Q 1120  ....  4861 

C»H«Na«OM  +  4Aq 230-4    ....  100-00 

Or: 

Bocholz.        Henog. 

2NaO 02-4     ....     27-09    26-8    ....    26-97 

0»HH)w  1320    ....     57-29 

4  HO  ^.    36-0    ....     15-62    16-9    ....     15-56 

C»H*Na«0»  +  4Aq 230-4     ....  100-00 

b.  Acid,  —  Separates  on  cooling  from  the  hot  solution  of  the  neutral 
salt  mixed  with  ^  pt,  tartaric  acid.  Transparent,  colourless  prisms 
belonging  to  the  right  prismatic  system.  The  primary  form  is  a  right 
rhombic  prism.]  Fiff,  61,  with  lateral  edges  of  140°  and  40°;  but  the  acute 
lateral  edges  are  obliquely  truncated,  so  that  the  resulting  irreffular  six- 
sided  prism  exhibits  two  lateral  edges  of  140°,  two  of  120°  30 ,  and  two 
of  101°  [these  angular  magnitudes  are  not  exact];  moreover,  as  in 
Fig,  68,  two  small  faces  y  forming  with  p  an  angle  of  110°,  and  two 
faces  i,  which  form  with  p  an  angle  of  120°.  (Haberle.)  According  to 
Pasteur,  they  are  right  rhombic  prisms,  bevelled  in  opposite  directions,  as 
in  Fiff,  72,  but  without  the  ^face.  According  to  Bernhardi,  they  are 
twelve -sided  prisms.  —  The  salt  has  a  very  sour  taste,  and  dissolves  in 
9  pts.  of  cold  water  (12,  according  to  Vogel),  in  1*8  pt.  of  boiling  water, 
but  is  insoluble  in  absolute  alcohol  (Bucholz.) 

CiyiiaU,  Dumas  &  Piria. 

NaO    31-2  ....  16-40 

8C 48-0  ....  25-24     ....     24-81 

7  H 7-0  ....  3-68     ....      3*89 

13  0 1040  ....  54-68 

C»H»NaOW+2Aq 190-2    ....  100-00 

Or:  Bochols. 

NkO „ 31-2    ....     16-40    17-5 

C8H»0»  141-0    ....     /414 

2  HO 180    ....      9-46     15-1 

C»H»NaO»  +  2Aq 190*2     ....10000      * 

The  crystals  heated  to  108*  in  a  current  of  air,  give  off  9*5  per  cent  of  water. 
(Cumas  &  Piria.) 

Tatiratc  of  Borade  acid  and  Soda.  —  When  75  74  pts.  (J  At.)  of 
tartaric  acid  dissolved  in  water  are  neutralised  by  carbonate  of  soda, 
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another  75*74  pts.  of  tartaric  acid  tben  added,  and  to  thiis  acid  tartrate  of 
soda,  61 '8  pts.  (1  At.)  of  crystallised  boracic  acid,  tbe  solution  then 
evaporated,  and  the  residue  dried  at  100^  the  quantity  of  salt  thus 
obtained  amounts  to  199  pts.  From  the  solution  of  this  salt  in  water, 
mineral  acids  do  not  throw  down  anything;  but  tartaric  acid,  after  some 
time,  throws  down  acid  tartrate  of  soda.  (Duflos.) 

Acid  tartrate  of  soda  forms,  both  with  borax  and  with  borate  of 
ammonia,  a  gummy,  amorphous  and  deliquescent  salt  (A.  Vogel;  see  also 
Wittstein,  Jakreiber.  1850,  378.) 

Tartraie  of  Soda  and  Ammonia.  —  Isomorphous  with  tartrate  of  soda 
and  potash.  (Pasteur.)  Sp.  gr.  1-58.  The  formula  of  the  salt  is 
C«H*Na(NH*)0»H-8Aq.  (Mitscherlich,  Pogg,  57,  484.) 

Tartrate  of  Soda  and  Potash.  —  Roehette  salt,  Seignette  talt,  Sal  polv 
ehrettum  Seignette,  —  Cream  of  tartar  is  neutralised  with  carbonate  of  soda, 
the  solution  filtered  to  separate  tartrate  of  lime,  then  evaporated,  and 
left  to  crystallise  in  the  cold.  The  salt  may  also  be  obstained  by  decom- 
posing 1  At.  neutral  tartrate  of  potash  with  1  At.  sulphate  of  soda  or 
common  salt,  in  which  case,  however,  the  sulphate  of  potash  or  chloride 
of  potassium  formed  at  the  same  time  must  be  separated  by  crystal- 
lisation. Or  sulphate  of  soda  may  be  ignited  with  charcoal,  the  product 
digested  in  water,  and  the  filtrate  saturated  with  cream  of  tartar  (Bauer, 
Beperi,  25,  438);  or  sulphate  of  baryta  may  be  ignit^ed  with  charcoal,  the 
baryta  precipitated  as  carbonate  from  the  aqueous  sulphide  of  barium  by 
carbonate  of  soda,  and  the  filtrate  neutralised  with  cream  of  tartar. 
(Weitzel,  Ann.  Pharm.  5,  294.)  —  If  the  solution  of  Rochelle  salt  con- 
tains tartrate  of  lime,  the  crystals  are  turbid;  but  on  heating  the  solution 
for  some  time  to  50°  —  60°,  the  greater  part  of  the  tartrate  of  lime  sepa- 
rates out  (Geiger,  Weitzel.) 

Large,  transparent,  colourless  prisms  of  4,  6,  8,  10,  12,  or  16  sides, 
and  belonging  to  the  right  prismatic  system.  Fig.  80;  t»'  :  «  s=  100° 
(100°  24',  Bernh.);  i*  :  n  =  163°  (160°,  Bemh.);  |?  :i  =  138°  50';  often 
only  half  developed,  so  that  the  face  m  or  t  is  situated  at  the  top. 
(Brooke,  Phil.  Ann.  21,  451;  comp.  Bemhardi,  N,  Tr.  7,  2,  5S).  The 
half  crystals  are  simple,  and  the  entire  ones  maded,  and  consequently 
thermo-electric.  (Hankel,  Pogg,  49, 502). .  Rochelle-salt  likewise  exhibits 
hemihedry  to  the  right,  the  two  upper  truncations  of  terminal  edges 
being  in  opposite  directions  to  the  two  lower.  (Pasteur.)  %.  According 
to  a  later  observation  of  Pasteur*s  {N,  Ann.  Chim.  Phys.  38,  451),  the 
salt  rarely  exhibits  hemihednd  faces  when  crystallized  from  pure  water, 
but  the  crystals  obtained  from  a  solution  mixed  with  acid  tartrate  of 
potash  or  ammonia,  are  generally  hemibedral.  The  crystals  effloresce 
when  exposed  to  the  air,  but  only  on  the  surface.  They  melt  when 
heated,  then  remain  liquid  for  4  to  8  hours  after  cooling,  and  afterwards 
crystallise  on  the  surface;  the  fused  mass  poured  into  cold  water  remains 
for  a  long  time  soft  and  capable  of  being  drawn  out  into  threads. 
(Marx,  J.  Pharm.  22,  143.)  —  The  crystals  heated  in  the  water -bath 
give  off  17 '5  per  cent,  of  water,  and  if  then  exposed  to  an  atmosphere 
saturated  with  moisture,  absorb  2675  p.  c.  in  8  days.  (Brandes,  Schw. 
51,  432.)  They  do  not  part  with  their  last  atom  of  water  till  they  are 
heated  to  130°  (Berselius,  Pogg.  41  y  316.)  At  the  temperature  of  the 
water-bath,  they  give  off  only  6  At  water  out  of  the  8  At.  which  they 
contain.   (Schaffgotsch,  Po^^.  57,  485.) — Heated  to  155°  in  a  current; 
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of  air,  they  give  off  23*05  p.  o.,  but  begin  to  decompose  at  the  same  time. 
(Damas  &  Piria.)  —  They  melt  between  70^  and  80^  to  a  transparent 
oolonrleas  lianid  which  boils  at  120°;  becomes  viscid  with  formation 
of  large  bobbles  at  170''  to  180^;  then  flows  clearly  and  (quietly;  and 
boils  again  between  190^  and  195^^  the  ebnllition  then  continnmg  to  215^^ 
by  which  time  all  the  water,  amounting  to  25*09  per  cent,  is  driven  out. 
The  residue  is  a  viscid  mass^  which  remains  transparent  when  cold; 
absorbs  water  from  the  air;  turns  brown  and  swells  up  at  220^;  and  at 
a  higher  temperature,  is  converted,  with  emission  of  an  odour  of  burnt 
sugar,  into  a  mixture  of  charcoal  and  carbonate  of  potash  and  soda. 
The  crystals  give  off  23'26  p.  c.  water  at  180^  or  at  100"*  if  they  are 
mixed  with  sand.     (Fresenins,  Ann.  Fharm,  53,  234.) 

The  dry  salt  dissolves  in  2 -62  pts.  of  water  at  6^.  (Fresenius.) 
The  crystals  dissolve,  according  to  Osann,  in  3*3  pts.  of  water  at  3^  in 
2*4  pts.  at  11°,  and  in  1*5  pt.  at  26^;  according  to  Brandos,  in  2  pts.  at 
5-6*,  in  1-2  pt.  at  12*5^  in  0*42  at  25^  and  in  03  at  37•5^  The 
solution  saturated  at  8°  has  a  density  of  1*254.  The  solution  preci- 
pitates bichloride  of  platinum,  and  forms  a  precipitate  of  cream  of  tartar 
with  snlphurio  or  tartaric  acid.  (Widmann,  Buchner,  Kaiser,  Bepert 
22,  257.) 


KO .... 

NaO 

8  0    .... 

12  H    ... 

18.0 


47-2 

31*2 

48*0 

12*0 

144*0 


Dumas 
&  Piria. 
16*71 
11*05 

17-00    17-1 

4*25    4*3 

50*99 


Fresenins. 


17*06 
4*33 


Or: 
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100*00 


KO 47*2  ....  16*71 

NaO  31*2  ....  11*05 

C«H*0» 1320  ....  46-74 

8  HO    72*0  ....  25-50 


Sehaffgotseh.     Fresenius. 
...    16*60 
...    11*1$ 


....    2509 


C«H*KNaOM  +  8Aq 282*4     ....  10000 

Tartrate  of  Boraa  and  Tokuh.  —  Tartariatd  Boras,  Boraxweitutein,  Tar^ 
farug  boraxatuM^  Oremor  tartari  toluhilitt  Borax  tartarisata  of  the  Germans. — 
Obtained'  by  dissolving  1  pt.  of  common  borax  and  3  pts.  of  cream  of 
tartar  in  warm  water,  filtering  if  necessary  from  tartrate  of  lime,  and 
evaporating  to  drjmess.  —  If  5  pts.  of  cream  of  tartar  are  taken  to  1  pt. 
of  borax,  the  mass,  when  redissolved  in  cold  water,  leaves  2  pts.  of  cream 
of  tartar  behind.  (Duflos,  Schw,  64.  333.) — With  1  pt.  of  borax  to 
2  pts.  of  cream  of  tartar,  the  mass  is  alkaline  and  less  soluble,  and  with 
equal  parts,  even  the  borax  crystallizes  out  separately.  (A.  Vogel, 
J.  Pharm,  3,  1.)  The  residue  obtained  with  1  pt.  borax  to  3  pts.  cream 
of  tartar  amounts,  after  drying  at  1 00^,  to  3*6  pts.  (A.  Vogel),  to  3*53  pts. 
(Dnflos).  [Since  1  : 3  as  190  8  (the  atomic  weight  of  10-nydrated  borax^ 
:  572*4,  and  since  3  .  188*2  (the  atomic  weight  of  cream  of  tartar) 
=  564*6,  it  follows  that  this  tartarised  borax  must  contain  1  At.  borax 
and  3  At.  cream  of  tartar,  and  may  be  regarded  as  a  mixture  of  2  At. 
tartrate  of  boracio  acid  and  potash  a,  {jpage  278),  and  1  At.  tartrate 
of  soda  and  potash; 

N«O,2BO*,10HO  +  3C«H»K0»-  2C»H»K(B0>)0»  +  C"H<KNaO«  +  13H0.] 
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Duflos  had  previously  estimated  tbe  proportions  of  the  constituents 
correctly,  inasmucb  as  he  supposed  the  compound  to  contain  3  At. 
potash,  1  At.  soda,  2  At.  boracic  acid,  and  3  At.  tartaric  acid.  [Accord- 
ing to  the  above  equation,  100  8  borax  with  3  .  188*2  cream  of  tartar 
(making  together  765  4  pts.)  should  part  with  13  .  9  =  117  pts.  of  water, 
and  therefore  4  pts.  (1  pt.  borax  to  3  pts.  cream  of  tartar)  should  give  off 
0'62  pt.  water.  Duflos  supposed  the  loss  of  water  to  amount  to  only 
0*47  pts.;  but  it  must  be  remembered  that  3  pts.  cream  of  tartar  to  1  pt 
borax  is  rather  too  much,  and  that  the  cream  of  tartar  which  is  in  excess 
does  not  give  off  any  water.  —  It  might  be  objected  to  the  equation 
above  given,  that  the  Rochelle  salt  supposed  to  exist  in  the  mixture 
would  crystallise  out;  but  the  large  quantity  of  the  tartarised  borax 
likewise  supposed  to  exist  in  it,  which  in  the  state  of  concentrated 
solution  has  a  viscid  consistence,  may  prevent  the  crystallisation.] 

%.  According  to  Wackenroder  (Arch.  Fkarm.  [2]  58,  4;  Jahresher, 
1849,  306),  a  concentrated  solution  of  1  pt.  borax  and  3  pts.  of  purified 
tartar  (still,  however,  containing  lime)  gradually  deposits  a  finely  divided 
crystalline  powder  containing  19'2  p.  c.  potash,  4'3  lime,  1*0  soda, 
61*3  anhydrous  tartaric  acid  (C®H*0'®),  2*0  boracic  acid,  and  12*2  water. 
In  tartarised  borax  thus  prepared,  \  of  the  tartar  is  in  excess  and  merely 
mixed  with  the  true  double-salt,  and  gradually  separates  from  the 
solution.  As  the  best  mode  of  preparing  tartarised  borax,  Wacken- 
roder recommends  to  dissolve  24  pts.  (2  At.)  crystallised  borax  and 
59  pts.  (5  At.)  dry  pulverised  cream  of  tartar,  purified  as  completely 
as  possible  with  hydrochloric  acid,  in  180  pts.  of  water  at  a  ffentle  heat, 
then  filter  and  evaporate;  the  product  dried  at  50^  to  130  ,  till  it  no 
longer  diminishes  in  weight,  may  afterwards  be  preserved  unaltered 
(tartarised  borax  prepared  with  1  pt.  borax  to  3  pts.  cream  of  tartar 
is  also  not  subject  to  deliquescence  or  alteration,  unless  it  has  been  but 
imperfectly  dried).  The  product,  when  perfectly  dried,  gives  off  such  a 
quantity  of  water,  that  4  At.  tartaric  acid  may  be  supposed  to  be  con- 
verted into  C®H*0'.  —  According  to  Wittsteiu,  {Repert,  Fharm,  [3]  6,  1; 
Jahresber,  1850,  378,)  1  At.  borax  converts  at  most  2  At.  cream  of  tartar 
into  an  easily  soluble  double  salt,  which  when  perfectly  drj^  has  the 
composition  6h*(B0»)K0»  []].  f . 

Similar  compounds  are  obtained  with  borate  of  potash  and  acid  tartrate  of  soda, 
and  with  acid  borate  of  soda  and  cream  of  tartar.  (Hagen.) 

The  mass  obtained  with  1  pt.  borax  and  3  pts.  cream  of  tartar  is 
gummy,  amorphous,  and  rather  acid.  When  burnt,  it  leaves  a  mixture 
of  borate  and  carbonate  of  potash.  (Dufios.)  — [As  2  At.  boradc  add,  3  At. 
potash,  and  1  At.  soda  are  present,  and  2  At.  boradc  add  take  up  only  2  At.  alkali, 
the  residue  must  consist  of  2  At.  borate  of  potash  with  2  At.  carbonate].  —  Absolute 

alcohol  does  not  extract  from  it  either  boracic  or  tartaric  acid;  sulphuric, 
hydrochloric,  or  nitric  acid  throws  down  from  it,  not  cream  of  tartar,  but 
boracic  acid,  which  may  be  dissolved  out  by  alcohol;  tartaric  acid  on 
the  other  hand  precipitates  cream  of  tartar.  (A.  Vogel.)  Alcohol  of 
sp.  gr.  0*81  dissolves  out  boracic  and  tartaric  acid.  (Duflos.)  —  The 
mass  dissolves  in  1  pt.  of  cold  and  \  pt.  boiling  water;  but  is  insoluble 
in  alcohol.  (A.  Vogel.)  It  deliquesces  in  damp  air,  and  becomes  solid 
again  in  a  dry  atmosphere.  (Meyrac.) 

The  aqueous  solution  was  once  obserred  to  exhibit  luminosity  when  eraporated. 
(Herberger,  Repert,  55,  59);  compare  also  Dulk. 

Tartrate  op  Lithia.  —  a.  Neutral.  —  Remains  on  evaporating  the 
Solution,  as  a  white,  opaque^  non-crystalline,  deliquescent  mass,  which 
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dissolves  readily  in  water,  and  then  effloresces.  (Arfvedson.)  The 
dried  salt  yields,  when  burnt,  44-44  per  cent,  of  carbonate  of  lithia. 
(Dalk.) 

6.  Acid. —  Uncrystallisable,  still  more  soluble.  (C.  Gmelin.)  White, 
shining,  very  small,  easily  soluble  crystals,  which  when  ignited,  leave 
20-22  p.  e.  carbonate  of  lithia,  and,  when  dried  in  vacuo  with  twice  their 
weight  of  lead-ozide  and  a  small  quantity  of  water,  give  off  19*22  p.  c. 
water.  (Dulk.) 

Cry9talM.  Dalk. 

LiO 14-4     ....       7-89    7*60 

C8H<0>« 1320     ....     72-37 

4  HO 36-0     ...     19-74     19-22 

~    -         - -   -  ■  ■ 1       -  ■  L  r-      —    w  _    , 

CH»LiO«  +  3Aq 182-4     ....  10000 

TaHraie  of  Lithia  and  Potash,  —  Obtained  by  saturating  cream  of 
tartar  with  carbonate  of  lithia.  Large  rectan/i^ular,  slightly  displaced 
four-sided  prisms,  having  a  saline,  bitter  taste,  slightly  efflorescent,  readily 
soluble  in  water.  (C.  Gmelin.)     Melts  when  heated.  (Dulk.) 

CrysiaU.  Dulk. 

KO 47-2  ....  22-30     22-17 

LiO 14-4  ...  6-81     6-54 

C9HW 1320  ....  62-38 

2  HO 18-0  ....  8-51     8-71 

C8H*KUO»  +  2Aq 211-6    ....  10000 

TaHraie  of  Lithia  and  Soda,  —  Obtained  by  saturating  acid  tartrate 
of  soda  with  carbonate  of  lithia.  Long  rectangular  prisms,  often  with 
obliquely  set  terminal  faces;  efflorescent  only  on  the  surface;  easily 
soluble  in  water.  (0.  Gmelin.) 

Indiiiinet  Cryttals.  Dulk. 

NaO 31-2     ....  14-Cl     1472 

LiO 14-4     ....  6-74     6-57 

«        C«H^OW  1320     ....  61-80 

4  HO 360     ....  10'85     15-43 

C«H^NaLiO»^  +  4Aq 213-6     ....  100-00 

Tartrate  of  Baryta.  —  Baryta-water  is  precipitated  by  tartaric 
acid,  but  recovers  its  transparency  on  addition  of  excess  of  acid.  Neutral 
tartrate  of  potash  forms  with  chloride  of  barium,  white  flakes  which 
become  crystalline  in  12  hours.  (Wittstein,  Repert,  57,  22.)  Highly 
concentrated  solutions  yield  a  crystalline,  dilute  solutions  a  pulverulent 
precipitate ;  moreover,  the  precipitate  redissolves  spontaneously,  when  to 
the  solution  of  the  potash-salt  in  not  more  than  30  parts  of  water,  there  is 
added  a  quantity  of  chloride  of  barium,  much  less  than  sufficient  to  pre* 
cipitate  the  whole  of  the  tartaric  acid.  The  same  reaction  is  exhibitea  by 
tartrate  of  potash  and  ammonia  and  b^  tartrate  of  soda  and  potash. 
(Bosh,  Br,  Arch.  24,  244.)  —  The  precipitated  neutral  salt  is  a  white 
loosely  coherent  (Richter)  or  crystalline  powder.  —  It  yields  by  dry 
distillation,  empyreumatic  oil  and  acetic  acid,  but  no  pyrotartario  acid. 

iOrnner.)  —  The  carbonaceous  residue  takes  fire  after  cooling  in  the  air. 
Bottger.)     It  is  decomposed  by  aqueous  sulphate  of  potash  or  soda. 
(Kolrenter.)  — It  dissolves  in  400  to  1000  pts.  of  water,  but  less  easily 


^ 


286         PRIMABY  NUCLEUS  C»H«:  OXYGEN-NUCLEUS  C«H«0«. 

after  drying.  (Bolle,  Br.  Arch.  24,  236.)  It  difisolyes  readily  ia  oold 
aqueons  fial-ammoniac  (Brett,  FhiL  Mag.  J.  10,  95.)  According  to 
Wittstein,  it  does  not.  It  dissolves  in  cold  potash-ley,  forming  a  liquid 
which  coagulates  by  heat;  this  liquid  may  also  be  prepared  with  baryta- 
water  and  neutral  tartrate  of  potash  or  soda.  (Osann,  Cfilb.  69,  290.) 

Dried  warm  in  tfocuo,  Bolle.  DuXk. 

2BaO 153-2    ....    58-72' 52-79     ....     6306 

C8H40«   132-0     ....     46-28 


C^H^Ba^O" 285-2     ....  100-00 


Tartrate  qf  Baryta  and  Potofh.  —  A  solution  of  cream  of  tartar  mixed 
with  not  too  large  a  quantity  of  baryta-water,  does  not  form  any  pre- 
cipitate. (Th^nard.)  By  evaporating  the  clear  mixture,  a  neutnd  pul- 
verulent double  salt  is  obtained,  sparingly  soluble  in  water.  (Dulk.) 

Air^ried  potoder.  Dnlk. 

KO 47-2     ....  17-24     17-00 

BaO    76-6    ....  27-98    27*50 

C8HHy« 132-0    ....  48-21 

2  HQ  180    ....  6-57     5-42 


C8H*KBAOJ»  +  2Aq, 273-8     ....  100-00 

Tartrate  of  Baryta  and  ^o<2a.  •— Precipitated  on  mixing  an  aqueous 
solution  of  Rochelle  salt  with  chloride  of  barium,  chloride  of  potassium 
then  remaining  in  solution;  if  the  liquid  be  very  dilute,  the  double  salt 
is  precipitated  after  some  time  only,  and  takes  the  form  of  needles. 
Dissolves  sparingly  in  water,  more  readily  in  the  aqueous  solution  of 
Rochelle  salt.  (Kaiser.) 

Cryttali.  Dalk. 

NaO 31-2  ....  12-11  11*82 

BaO 76-6  ....  29-71  2934 

C8H«0»o 1320  ....  51-20  5302 

2  HO 18-0  ....  6-98  5-82 

C8H*NaBaO»  +  2 Aq 257*8     ....  100-00    10000     * 

Tartrate  of  Strontia.  —  Tartaric  acid  forms  a  cloud  in  strontia- 
water,  but  an  excess  removes  it.  Strontia-water  neutralised  with  tartaric 
acid  yields,  by  gentle  evaporation,  small  rectangular  tables  belonging  to  the 
right  prismatic  system,  and  bevelled  at  the  edges.  (Dulk  &  iNenmann.) 
The  aqueous  solution  of  neutral  tartrate  of  potash  forms  with  chloride  of 
strontium,  white  flakes  which  become  crystalline  in  a  minute.  (Witt- 
stein.) With  nitrate  of  strontia  it  forms  a  slight  precipitate,  which  dis- 
solves on  the  application  of  a  gentle  heat,  but  is  copiously  deposited  in 
shining  crystals  on  boiling,  (Yauquelin.)  These  crystals,  however, 
according  to  Dulk,  are  contaminated  with  nitre.  The  cold  aqueous 
mixture  of  neutral  tartrate  of  potash  and  nitrate  of  strontia  yields 
oblique  rhombic  prisms  belonging  to  the  oblique  prismatic  system. 
Fig.  81,  »  :  It  =  92'  35';  t*  :  m  =  125°  20'  (^Teschemacher,  FhU.  Mag. 
Ann.  3,  29;  also  iTiu^.  ^rcA.  13,  198.)  —  The  salt,  when  ignited  in  a 
dose  vessel,  leaves  a  pyrophoric  residue.  (Bottger.)  It  dissolves  in 
147  pts.  of  water  at  16  .  (Dulk.)  Dissolves  rapidly  in  aqueous  hydro- 
chlorate  and  succinate  of  ammonia^  slowly  in  nitrate  of  ammonia. 
(Wittstein.) 
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Ait'drifd  GytiaU,  Dulk. 

8  SrO 104    ....  33-77  34-33 

C«H*Oi»  132     ....  42-86 

8  HO  72     ....  23-37  21-51 

C»H*Sr80»3+8Aq 308     ....  10000 

T(xHrat€  of  S^rontia  and  Fotath,  —  Similar  to  the  tartrate  of  baryta 
and  potash.  (Th^nardO 

When  prepared  like  the  corresponding  barjta-salt,  it  exhibits,  after 
drying  in  the  air,  the  following  composition : 

Dulk. 

KO 47-2     ....     18-94     18-53 

SrO 52-0     ....     20-86     2042 

C«H<0" 1320     ....     62-97 

2  HO 18-0     ....       7-23     6-76 

CPH<KSrO»  +  2Aq 2492     ....  lOO'OO 

TatiraU  €f  Strowtia  and  Soda. — Acid  tartrate  of  soda^  neutralised 
wiib  strontia-water  and  eraporated^  leaves  a  gammy  mass,  which  melts 
when  heated,  and  gives  off  8*05  p.  c.  (2  At.)  water.  It  dissolves  in 
1-4  pt.  water  at  15°,  and  in  all  proportions  of  hot  water.  (Dnlk.) 

Dried.  Dnlk. 

NaO   31-2  ....  14-50  14-66 

SrO 520  ....  2416  2274 

C»H*0»« 132  0  ....  61-34 

C^H^NaSrO" 215-2     ....  10000 

Tartrate  of  strontia  forms  with  cold  aaneons  potash  or  soda  a  solution 
which  coagulates  every  time  it  is  heated;  but  if  the  heating  be  continued 
too  long,  the  precipitate  does  not  disappear  on  cooling,  (Osann.) 

Tartrate  of  Limb.  —  a,  NeutraX,  —  Occurs  in  many  plants,  espe- 
cially in  grapes,  and  mixes  with  the  tartar,  sometimes,  according  to 
Walcbner^  covering  it  with  crystals.  Also  in  considerable  quantity  in 
senna-leaves.  (Casselmann.)  —  Lime-water  forms  with  tartaric  acid  an 
abundance  of  white  flakes,  which  sometimes  become  crystalline;  they 
dissolve  immediately  in  excess  of  the  acid,  the  solution,  after  a  while, 
depositing  the  neutral  salt.  Neutral  tartrate  of  potash  forms  with 
chloride  of  calcium  a  crystalline  pulverulent  precipitate.  (Wittstein.)  In 
dilute  solutions,  the  precipitate  appears  after  some  minutes  only;  iu  solu- 
tions diluted  with  600  to  120  pts.  of  water,  after  12  to  48  hours  only, 
and  is  then  more  distinctly  crystalline;  when  the  tartrate  of  potash  is 
dissolved  in  not  more  than  20  pts.  of  water,  an  insufficient  quantity  of 
chloride  of  calcium  forms  a  precipitate  which  redissolves.  (Busoh,  Br. 
^rch,  24,  244.)  The  salt  is  obtained  in  the  process  of  preparing  tar- 
taric acid  (p.  266).  It  presents  itself,  sometimes  as  a  white  tasteless 
powder,  sometimes  in  small  rectangular  octohedrons,  having  the  solid 
angles  at  the  base  truncated.  Fig,  47,  with  ^  and  m-faces;  y  :  y  =z  100^; 
sometimes  lengthened  horizontally  into  a  prism.  (Walchner,  Schw.  44, 
133.)  Right  rhombic  prisms  with  octohedral  summits;  Fiff.  64,  without 
the  i-  and  ii-hee;  u  :  u=^  82°  30'.  Angle  of  the  octohedron  =  12-2°  15'; 
no  hemihedry.  (Pasteur.)  The  crystals,  when  heuted,  give  off  water  and 
lose  their  transparency.  (Walchner.)    When  strongly  heated,  they  swell 
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up  without  meltiug,  and  yield  an  empyreumatic  oil,  togeiber  with  a  large 
quantity  of  acid  distillate  (Walchner)  containing  acetic  but  no  pyrotartaric 
acid.  (Gruner.)  The  residue  is  pyrophoric  (Bottger.)  The  salt,  when 
heated  with  potassium,  decomposes,  with  faint  emission  of  light,  and  yields 
charcoal  and  alkali;  with  sodium  it  decomposes  in  a  similar  manner,  but 
with  stronger  emission  of  light.  (Gay-Lussac  &  Thenard,  Becherch,  2, 
302.)  IT  When  gradually  heated  in  a  tube  after  addition  of  ammonia 
and  of  nitrate  of  silver  in  small  fragments,  it  covers  the  sides  of  tha  tube 
with  a  metallic  speculum  of  silver,  just  like  that  produced  by  aldehyde- 
ammonia.  A  very  small  quantity  of  the  lime-salt  is  sufficient  to  proanoe 
this  reaction,  but  it  is  essential  that  the  nitrate  of  silver  be  added  in 
small  pieces;  if  it  be  added  in  solution,  the  reduced  silver  is  merely 
deposited  in  a  grey  powder.  Racemate  of  lime  produces  the  same 
reaction.  (A.  Casselmann,  Arch,  Pkaiin.  83,  148;  (fhem,  Soc,  Qii.  J.  8, 
306.)  if     ^^^  ^^^  decomposition  bj  patrefaction,  see  iz.  414. 

The  salt  dissolves  in  1995  pts.  of  water  at  8°  and  in  906  pis.  at  80° 
(Osann);  in  600  pts.  of  boiling  water;  in  1210  pts.  of  cold,  and  350  pts. 
of  boihng  water.  (Casselmann.)  It  dissolves  readily  in  mineral  acids, 
acetic  acid,  and  cream  of  tartar.  From  its  solution  in  hydrochloric  acid 
it  is  not  precipitated  by  ammonia  (Gay-Lussac);  for,  according  to  Brett, 
it  dissolves  in  aqueous  hydrochlorate  or  nitrate  of  ammonia;  only 
however  while  the  precipitate  is  still  flocculent,  not  after  it  has  become 
crystalline.  (Wittstein.^  The  solution  of  the  salt  in  hydrochloric  acid 
does  not  form  an  immediat-e  precipitate  with  ammonia  (unless  it  be  very 
highly  concentrated),  but  after  a  while  it  deposits  crystals  of  the  salt 
(Berzelius);  and  when  chloride  of  calcium  is  precipitated  by  neutral 
tartrate  of  potash,  the  flocculent  precipitate  dissolves  readily  in  sal- 
ammoniac,  but  after  a  while  the  crystalline  salt  again  makes  its  appear- 
ance, at  least  in  concentrated  solutions.  (Gm.)  [Hence  the  crystalline  salt 
appears  to  be  less  soluble  in  sal-ammoniac  than  the  flocculent  salt.]  — .  The  salt 
dissolves  abundantly  in  cold  solution  of  caustic  potash  (yid.  inf.);  it 
dissolves  pretty  readily  in  a  concentrated  aqueous  solution  of  neutral 
tartrate  of  potash,  tartrate  of  potash  and  ammonia,  or  tartrate  of  soda 
and  potash,  whence  it  separates  for  the  most  part  on  dilution  with 
water,  and  likewise  ou  evaporating  the  solution  and  treating  the  residue 
with  water.   (Homemann,  BerLJahrh,  1822,  1,  81;  Busch.) 

Dried  at  lOO"".  Gay-Lnssac  &  Tb^nard. 

2  CaO 66  ....  21-54     22-42 

8  C  48  ....  18-46    18-66 

12  H 12  ....      4-62     514 

18  O 144  ....  55-38     53-78 


Or: 


C^H<Ca«0"  +  8Aq 260    ....  100-00    10000 

BerzeUus.    Meissner. 

2  CaO  56     ....     21-54     24-64     ....     21-60 

C?H<OW 132    ....    50-77 

8  HO    72    27-69    27-81     ....    27-71 

C«H*CaH)»+8Aq 260    ....  10000 

The  crystals  contaui  the  same  amount  of  water.  (Dumas  &  Piria.) 

h.  Acid,  —  Obtained  by  John  (Chem,  Schynften,  4,  175),  from  the 
fruit  of  Bhus  typhimtm,  and  erroneously  regarded  by  Meissner  (Schw, 
45,  104,)  as  the  neutral  salt.  —  When  lime-water  is  mixed  with  a  suffi- 
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cient  qnantlt^r  of  tartaric  acid  to  redissolye  tbo  precipitate,  and  tlie 
mixture  set  aside,  it  deposits  the  neutral  salt;  but  by  immediate  evapo- 
ration, crystals  of  the  acid  salt  are  obtained.  (Dulk.)  Right  prismatic 
system.  Fig,  44;  the  obtuse  terminal  edges  of  the  octohedron  rest  on 
the  narrow  lateral  edges  of  the  right  rhombic  prism.  Angle  of  the  acute 
terminal  edges  of  the  octohedron  =  82°  50';  angle  of  the  obtuse  terminal 
edges,  which  are  truncated  =  153°  nearly.  (Neumann.)  The  crystals 
are  transparent,  redden  litmus,  dissolve  sparingly  in  water,  and  their 
solution  is  precipitated  by  alkaJine  carbonates,  oxalic  acid,  and  neutral 
acetate  of  lead,  but  not  by  ammonia,  nitrate  of  baryta,  or  nitrate  of  silver. 
(John.)  They  dissolve  m  140  pts.  of  water  at  16°,  more  readily  in  hot 
water.  (Dulk.) -» Lime-water  mixed  with  tartaric  acid  till  its  trans- 
parency is  restored,  is  not  rendered  turbid  by  ammonia.   (Th^nard.) 

O^HtaU.  Dolk. 

CaO 28     ....     16*57    17'44 

C8H»0"   141     ....    83-43 

C^H«CaO>2  169    ....  100-00 

TariraJte  of  Lime  and  JPotmli,,  —  a.  Basic,  —  Tartrate  of  lime  dissolves 
after  some  time  in  moderately  warm  aqueous  potash.  (Osann.)  The 
same  solution  is  obtained  by  moderately  heating  hydrate  of  lime  with 
water  and  cream  of  tartar,  or  with  neutral  tartrate  of  potash,  tartrate  of 
potash  and  ammonia,  or  tartrate  of  potash  and  soda.  It  is  mobile  and 
caustic.  Carbonate  of  potash  with  the  aid  of  heat  precipitates  all  the 
lime  from  it.  (Lassone,  Crdl.  Chem,  J.  4, 109.)  The  perfectly  saturated 
solution  deposits  part  of  the  tartrate  of  lime,  even  on  addition  of  water. 
(Osann.)  It  solidifies  every  time  it  is  heated»  provided  it  be  not  too 
concentrated,  to  a  turbid,  pasty  mass.  (Lassoue,  Osann.)  If  it  be  tlien 
filtered  while  hot,  there  remains  on  the  filter  a  compound  of  about  3  At. 
lime  to  1  At.  tartaric  acid.  (Osann.)  —  The  cold  liquid  appears  to  be  a 
solution  of  neutral  tartrate  of  lime  in  potash;  the  potash  at  tlio  boiliug 
heat  abstracts  from  the  lime  a  portion  of  the  tartaric  acid,  and  throws  down 
a  basic  salt.  In  the  cold,  this  basic  salt  again  takes  from  the  potash  the 
tartaric  acid  which  the  latter  had  abstracted  from  it,  and  is  thereby 
again  rendered  soluble.  (Osann,  Oilh.  96,  291;  Kastn.  Arch,  3,  204; 
Fogg.  31,  36;  comp.  Funcke,  Repert,  12,  337.) 

h.  Ne^itral, — o.  With  equal  numbers  of  Atoms,  —  Separates  gradually 
from  a  mixture  of  aqueous  cream  of  tartar  with  not  too  large  a  quantity 
of  li me- water.  ( Th4n  ard.) 

p.  With  ejccess  of  Tartrate  of  Folash,  —  The  solution  of  neutral 
tartrate  of  potash  in  an  equal  weight  of  water,  boiled  down  with  excess 
of  tartrate  of  lime,  dissolves  27  per  cent,  of  that  salt.  The  solution 
remains  clear  and  liquid  in  the  cold;  but  when  evaporated  to  a  syrup, 
the  greater  part  of  it  solidifies  on  cooling  to  a  mass  consisting  of  needles, 
which  becomes  somewhat  moist  in  the  air,  dissolves  completely  in  boiling 
water,  but  is  decomposed  by  cold  water,  which  dissolves  its  own  weight 
of  the  salt,  with  separation  of  all  the  lime  excepting  1^  per  cent.,  and 
this  quantity  is  afterwards  completely  precipitated  on  diluting  the  solu- 
tion with  9  pts.  of  cold  water.  (Hornemann,  Berl.  Jakrh,  1822,  1,  81. 

c.  Acid.  —  The  solution  of  1  pt.  borax  and  3  pts.  cream  of  tartar 
containing  tartrate  of  lime,  in  not  too  small  a  quantity  of  water,  deposits 
VOL.  X*  u 
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a  white,  slightly  acid,  crystalline  meal|  which  grates  hetween  the  teeth, 
is  nearly  insoluble  in  cold  water,  and  is  resolved  by  boiling  water  into 
cream  of  tartar  which  dissolves,  and  tartrate  of  lime  which  remains 
behind;  when  burnt,  it  leaves  13  p.  c.  carbonate  of  lime,  and  22*4  p.  c. 
carbonate  of  potash  (no  boracic  acid),  and  therefore  contains  35*80  p.  o. 
neutral  tartrate  of  lime  with  63-63  p.  c.  acid  tartrate  of  potash  [aoout 
equal  numbeis  of  atoms].     (Th.  Martins,  Eastn.  Arch.  19,  361.) 

Tartrate  of  Lime  and  Soda.  —  a.  Baric*  —  An  aqueous  solution  of 
31  '2  pts.  (I  At.)  dry  soda  dissolves  but  a  small  quantity  of  tartrate  of 
lime,  at  ordinary  temperatures,  but  when  moderately  heated,  takes  up 
lOri  pts.  [less  than  i  At.].  Hydrate  of  lime  is  dissolved  by  aqueous 
tartrate  of  soda.  These  solutions  coagulate  whenever  they  are  heated, 
still  more  strongly  than  those  which  contain  potash,  and  form  a  stiff 
jelly.  A  solution  diluted  beyond  a  certain  point  does  not  coagulate;  the 
stronger  it  is,  the  higher  is  the  temperature  at  which  it  coagulates.  The 
precipitate  formed  on  heating  the  liquid  is  basic  tartrate  of  lime.  This 
precipitate  dissolves  more  readily  in  a  concentrated  liquid  and  at  a 
temperature  a  little  below  the  point  of  coagulation,  than  in  a  dilute 
solution  and  in  the  cold.  When  the  coagulated  mass  is  evaporated  to  a 
small  bulk,  it  forms,  first  a  yellow  transparent  liquid,  then  a  white  mass. 
(Osann,  GUb.  69,  290.) 

h,  NetttroL  —  Precipitated  on  mixing  Rochelle  salt  with  chloride  of 
oalcium  in  white  flakes,  which  afterwa^rds  become  granular;  or,  if  the 
solutions  are  very  dilute,  the  double  salt  is  precipitated  after  some 
minutes  in  numerous  small  needles,  which  dissolve  sparingly  in  water, 
more  readily  in  excess  of  Roohelle-salt,  and  still  more  readily  in  chloride 
of  calcium.  (Kaiser,  JRepert,  22,  260.) 

Tartrate  op  Magnesia.  —  a.  Nmtral,  —  Dilute  tartaric  acid 
digested  with  excess  of  Magneria  alba,  yields  a  filtrate  which,  by  cooling 
and  evaporation,  deposits  a  crystalline  crust,  soluble  in  122  pts.  of  water 
at  16°.  (Dulk.)  The  residue  obtained  by  ignition  is pyrophonc.  (Bottger.) 
The  solution  has  but  little  taste.  (Aviat,  J.  Chim,  mid.  23,  447.) 
Aqueous  sal-ammoniac  dissolves  the  salt  readily.  (Brett.) — Magnesia- 
salts  mixed  with  tartaric  acid  are  not  precipitated  by  excess  of  ammonia, 
potash,  or  soda,  or  their  carbonates.  (H.  Rose.) 

CryataU.  Dulk. 

2  MgO 40  ....  16-39     17*65 

C8H*OW   132  ....  5410 

8  HO  72  ....  29-51     2930 

C8H*Mg*0»s  +  8Aq 244     ....  10000 

h.  Acid.  —  Obtained  by  using  a  larger  quantity  of  aeid.  Transparent^ 
colourless,  short,  six-sided  prisms,  which  intumesce  when  heated  and  are 
soluble  in  water.  (Bergman.)  Crystalline  crust,  soluble  in  52  pts.  of 
water  at  16°.  (Dulk.) 

Crystalg.  Dulk. 

MgO 20     ....     12«42    12-88 

C«H»0"   141     ....    87-58 

C8H»MgOW  161    ....  lUOOO 
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FaHrcOe  cf  Magnena  and  Potath.  —  Obtained  by  boUing  oreun  of 
tartar  with  excess  of  magnesia  alba  and  water,  and  evaporating  the 
filtrate.  (Thenard,  Dolk.)  At  first  small  crystals  are  obtained  which 
intnmesoe  strongly  in  the  fire,  and  do  not  become  moist  in  the  air;  and 
the  mother-liquor,  when  subsequently  evaporated,  leaves  a  gummy  mass. 
(Dulk.)  Th6nard  obtained  only  an  amorphous  salt,  which  became 
glutinous  when  heated,  turned  moist  in  the  air,  and  was  precipitated  by 
potash.     [Is  this  amorphoiu  compoiuid  a  basic  salt  ?] 

CrytidU,  DnIk. 

KO 47-2  ....  17-41     17-44 

MkO  200  ....  7-37    6-97 

C8H*0» 132-0  ....  48-67 

8  HO 72-0  ....  26-55     25-36 

CH^MgO"  +  8 Aq. 271*2     ....  100-00 

TafiraU  ofMagnma  and  Soda.  ^  The  clear  aqueous  mixture  of 
Rochelle  salt  and  chloride  of  magnesium  yields  by  evaporation,  efflo- 
rescent rhombic  prisms  belonging  to  the  oblique  prismatic  system;  they 
must  be  freed  from  adhering  chloride  of  calcium  by  wasbmg.  (Dulk.) 
About  the  shape  of  Mg,  91,  without  the /-face;  u  :  u  =  ^l"";  i:t=:  103  . 
(Neumann.) 

CtyitaU,  Dulk. 

NaO    31-2     ....     11-42    12-32 

MgO   20-0    ....       7-32     6-72 

C8H<0» 132-0    ....    48-32 

10  HO 90-0    ....     32-94     32*47 

C'H^NaMgO"  +  lOAq.    2732     ....  100-00 

Gbrous  Tartratb.  —  Tartrate  of  potash,  but  not  the  free  acid,  forms 
a  white  precipitate  with  cerons  salts.  The  slight  solubility  of  this  pre- 
cipitate m  water  is  not  increased  by  addition  of  tartaric  acid.  It  dis- 
solves readilj  in  potash  and  soda,  and  still  more  readily  in  ammonia; 
this  solution  yields  a  gummy  mass  by  evaporation.  (Berzelins.) 

Tartrate  op  Lanthanuh.  —  Soluble  in  ammonia.  (Berzelins.) 

Tartrate  op  Yttria.  —  a.  Nevimt,  —  Tartrate  of  potash  forms 
with  yttria-salts  a  precipitate  which  dissolves  sparingly  in  water,  readily 
in  alkalis.  (Klaproth,  Berzelins.)  The  bulky  precipitate  dries  np  after 
washing  to  a  white  loose  powder,  which  contains  no  water,  decomposes 
very  slowly  by  ignition,  and  is  insoluble  in  water.  (Berlin.) 

h.  Add,  The  first  quantities  of  the  salt  a,  which  are  added  to  the 
aqueous  acid,  dissolve  sparingly;  the  following  acquire,  after  a  while,  a 
crystalline  aspect,  being  converted  into  the  acid  salt.  (Berlin.) 

Tartrate  op  Olucina.  —  Crystallizes  with  difficulty  by  slow  eva- 
poration.    Readily  soluble.  (Vauquelin.) 

Tartrate  op  Alttmina.  —  Occurs  in  Lyeopodium  davatum.  — - 
Gummy  mass,  which  has  a  rough  sweetish  taste,  does  not  deliquesce  in  the 
air,  and  dissolves  readily  in  water,  (v.  Paecken.)  —  Neither  tartrate  of  ahxr 
mvna^  nor  any  other  salt  of  alumina  mixed  with  tartaric  acid,  is  preci- 
pitated by  alkalis  or  alkaline  carbonates.  (Thenard,  H.  Rose.) 

IT  2 
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Tartrate  of  Alumina  and  Ammonia.  Amorplioas.  (L.  A*  Buchner, 
Xepert,  78,  320.) 

Tartrate  of  Alumina  and  PokLth. — a,  Sasie.  An  aqueous  solution  of 
neutral  tartrate  of  potash  (or  of  Rochelle  salt),  dissolves,  when  heated,  a 
large  quantity  of  alumina,  without  becoming  alkaline.  (Th^nard.)  The 
aqueous  solution  deposits,  on  addition  of  alcohol,  oily  drops,  which 
unite  into  a  layer,  and  whose  aqueous  solution  dries  up  on  eyaporation  to 
a  gum  containing  potash  and  soda.  (Werther.) 

(.  Neutral  ?  A  solution  of  cream  of  tartar  dissolves  hydrate  of 
alumina,  and  is  converted  into  an  amorphous  mass,  which  is  not  preci- 
pitated by  alkalis.  (Thenard.)  The  aqueous  solution,  of  sp.  gr.  1*477, 
rotates  the  plane  of  polarization  to  the  left,  but  acquires  greater  dextro- 
rotatory power  the  more  it  is  diluted.  (Biot.) 

When  1  pt.  of  cream  of  tartar  is  boiled  with  4  pts.  of  water,  the 
addition  of  i  pt.  alum  causes  the  whole  to  dissolve;  as  the  liquid 
cools,  small  quantities  of  cream  of  tartar  and  of  alum  are  precipitated; 
and  the  remaining  very  acid  liquid  yields,  by  evaporation,  a  white  saline 
mass,  which  becomes  gummy  on  exposure  to  the  air,  and  dissolves  in  a- 
Very  small  quantity  of  water.  (A.  Vogel.) 

Tartrate  op  Thorina.  —  a.  NeiUraL  —  Ren^ains  in  the  form  of 
white  flakes,  which  dissolve  but  slowly  and  partially  in  ammonia,  when 
hydrate  of  thorina  is  treated  with  a  quantity  of  tartaric  acid  not  suffi- 
cient to  dissolve  it.  —  Thorina-salts  mixed  with  tartaric  acid,  are  not 
precipitated  by  ammonia.  (Berzelius.) 

5.  Acid,  —  Found  in  the  solution  obtained  in  the  preparation  of  salt  <i« 
This  solution  has  rather  an  acid  than  a  rough  taste  ;  is  not  precipitated 
by  ammonia;  and  when  evaporated  yields  crystals,  which  are  resolved 
by  alcohol  into  the  salt  a,  and  a  soluble  and  still  more  acid  salt  b, 
(Berzelius.) 

Tartrate  of  Thorina  and  JPotaJt.  —  Obtained  by  digesting  hydrate  of 
thorina  with  aqueous  cream  of  tartar.  Orystallizable,  sparingly  soluble, 
not  precipitated  by  alkalis.  (Berzelius.) 

Tartrate  of  Zirconi a. —- Tartrate  of  ammonia  forms  with  zir- 
conia-salts,  a  precipitate  which  dissolves  in  potash  and  in  excess  of  tar- 
taric acid,  and  is  not  precipitated  from  the  latter  solution,  either  by 
caustic  alkalis  or  their  carbonates.  (Berzelius.) 

Titanic  Tartrate.  —  Hydrochlorate  of  titanic  oxide  is  precipitated 
by  tartaric  acid.  The  precipitate,  which  resembles  titanic  oxalate, 
yields,  when  ignited  in  a  covered  crucible,  a  black  metallic  powder,-  which, 
when  heated  in  the  air,  slowly  turns  white.  Acid  solutions  of  titanic 
oxide  which  contain  free  tartaric  acid,  are  not  precipitated  by  ammonia, 
carbonate  of  ammonia,  or  potash;  tincture  of  galls  forms  with  theso 
solutions  a  white  precipitate,  but  the  precipitation  is  incomplete,  so  that 
the  liquid  remains  coloured.  (H.  Rose,  Gilb,  73,  74;  Fogg,  3,  1 65.) 

According  to  WoUaston,  tartaric  acid  dissolves  bydrated  tantalic  oxide ;  but 
according  to  Gabn,  Berzelius  &  Eggertz,  it  does  not. 

J?ot(U9io4anialic  Tartrate  —  A  boiling  solution  of  cream  of  tartar 
dissolves  dry  tantalic  acid  in  a  small  quantity  only,  but  the  bydrated  acid 
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so  abnndantly,  that  the  solntioHi  which  is  onlj  partiallj  precipitable  hj 
potash  or  carbonate  of  ammonia,  solidifies  on  cooling.  (Gahn^  Berzelins, 
&  Eggertz.) 

MoLYBDOUs  Tartrate.  —  Like  the  oxalate.    • 

JPotamo-molphdous  Tarirate.  —  The  solution  of  mol jbdic  acid  in 
aqneons  cream  of  tartar  is  digested  with  zinc,  whereby  the  molybdic  acid 
is  reduced  to  molybdic  oxide;  a  little  hydrochloric  acid  then  added,  and 
the  digestion  with  zinc  continued;  the  molybdic  oxide  is  thereby  reduced 
to  molybdous  oxide,  which  falls  down  in  the  form  of  a  pulverulent  double 
salt,  to  be  washed  upon  the  filter.  This  salt,  when  ignited  in  an  open 
crucible,  yields  fused  molybdate  of  potash.  It  dissolves  sparingly  in 
water,  forming  a  purple  solution;  easily,  and  with  dark  purple  colour,  in 
aqueous  ammonia,  whence  it  is  deposited  on  evaporation.  (Berzelins, 
Foffff.  6,  379.) 

MoLTBDic  Tartrate.  -—  The  aqueous  solution  dries  up  to  a  pale  red 
gnmmy  mass,  which  is  very  apt  to  assume  a  green  and  blue  colour. 
With  alkalis  it  forms,  without  precipitation,  deep  red  solutions,  which 
become  colourless  on  exposure  to  the  air.  (Berzelius,  Po^'^.  6,  848.) 

!PoUim(Mn6lyhdvG  Tartrate.  —  a.  Ba^sic.  —  Cream  of  tartar  forms  with 
excess  of  hydrated  molybdic  oxide,  a  brown  pulverulent  salt,  which 
dissolves  sparingly  in  water,  readily  in  alkalis.  —  h.  NetUral,  The  solu- 
tion dries  up  to  a  yellow  mass,  which  dissolves  readily  in  water,  forming 
a  solution  which  yields  a  yellow  precipitate  with  tincture  of  galls. 
(Berzelius.) 

Tartrate  of  Mdyhdlc  acid,  —  The  colourless  solution  yields  by  evapo* 
ration  a  blue  non-crystalline  mass,  which  dissolves  completely  in  water 
and  alcohol. 

Tartrate  of  Molybdic  add  and  Fotash.  —  Of  all  solvents,  a  boiling 
aqueous  solution  of  cream  of  tartar  dissolves  molybdic  acid,  even  when 
ignited  and  sublimed,  with  the  greatest  facility.  The  solution  dries  up 
to  a  gummy  mass.  (Berzelius.) 

Vanadio  Tartrate.  —  The  beautiful  medium  blue  solution  dries  up 
to  a  blue,  translucent,  fissured  mass,  which  dissolves  very  slowly  in  cold 
water,  more  quickly  in  ammonia,  forming  a  purple  solution,  the  colour 
of  which  quicKly  disappears  on  exposure  to  the  air,  from  formation  of 
ranadic  acid.  (Berzelius.) 

Potassio-vanadic  Tartrate.  —  The  blue  solution  of  vanadic  acid  (which 
IS  thereby  reduced  to  oxide),  yields  by  evaporation  with  aqueous  cream 
of  tartar,  a  reddish  blue  extract,  which  becomes  fissured;  the  same  solu- 
tion forms  with  ammonia  a  purple  mixture  without  precipitation. 
(Berzelius.) 

Tartrate  of  Vanadte  acid.  —  The  yellow  solution  of  yanadic  acid  in 
aqueous  tartaric  acid,  which,  however,  if  it  contains  excess  of  tartario 
acid,  soon  becomes  green  and  afterwards  blue,  from  formation  of  ranadic 
oxide,  (Berzelius.) 
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Chromic  Tartrate.  —  a  1  At,  Chromic  oxide  to  1  Jt.  Tartaric  acid. 

—  Potassio-chromio  tartrate  is  precipitated  by  neutral  acetate  of  lead, 
the  lead-salt  suspended  in  water  and  decomposed  by  sulphuretted  hydro- 
gen, and  the  solution  filtered.  (Kochlin,  BtUL  adenc,  mathem.  1828^  132; 
Berlin,  Berz,  Lekrb,)  The  green  filtrate  leaves  when  evaporated,  a 
green  vitreous  mass  =  Cr*O^C*H•0".  (Berlin.)  —  K9chlin  regards  the  salt  as 
a  Chromotariaric  acid,  which  be  supposes  to  form  greea  and  violet  salts  with  bases. 
But  these  salts  are  really,  as  affirmed  by  Berzelius  \Pogff.  16,  100),  doable  salts ;  and 
the  fact  of  the  so-called  chromotartaric  acid  not  being  precipitated  by  alkalis  proves 
nothing,  seeing  that  so  many  bases  are  protected  by  the  presence  of  tartaric  acid  from 
precipitation  by  alkalis. 

6.  2  At  Chromic  oxide  to  3  At  Tartaric  acid. — The  solution  of 
hydrated  chromic  oxide  in  aqueous  tartaric  acid,  is  dark  green  by 
reflected,  and  violet-red  by  transmitted  light;  it  reddens  litmus  slightly; 
is  not  decomposed  by  alkalis,  and  leaves  a  dark  green  saline  crust  when 
evaporated.  (Brandenburg.)  —  The  violet  solution,  which  is  not  preci- 
pitated by  alkalis,  dries  up  to  a  violet  mass  containing  2  At.  chromic 
oxide  to  3  At.  tartaric  acid.  (Berlin.)  —  By  slowly  evaporating  the 
solution,  violet-red  ootohedrons  are  obtained,  which  slowly  efiloresce, 
become  nacreous  and  friable  at  a  moderate  heat,  and  dissolve  readily  in 
water.  (Moeer.) 

Ammonio-chromie  Tartrate.  —  Amorphous,  (Bnchlier.) 

Fotamo^romic  Tartrate,  ~-  Formed,  with  evolution  of  heat  and  car- 
bonic acid,  on  mixing  tartaric  acid  with  bichromate  of  potash.  —  In  this 
decomposition,  not  only  are  carbonic  acid  and  water  formed,  but  lik^ 
wise  formic  and  oxalic  acids,  which  remain,  together  with  the  tartaric 
acid,  in  combination  with  the  chromic  acid  and  potash.  Pore  potassio- 
chromic  tartrate  is  therefore  not  yet  known.  (Ldvel,  Compt.  rend.  1 6 
862.)  —  The  salt  is  not  obtained  by  boiling  hydrated  chromic  oxide  with 
aqueous  cream  of  tartar.  (Berlin.) 

Fischer  {Kasbn,  Arch,  14,  169),  mixes  1  pt.  of  a  saturated  aqueons 
solution  of  bichromate  of  potash  with  2  pts.  of  a  saturated  solution  of 
tartaric  acid.  The  mixture  quickly  turns  yellowish  red,  brown,  greenish 
brown,  and  lastly  violet;  deposits  cream  of  tartar  on  cooling,  ofteu  mixed 
with  brown  oxide  of  chromium;  and  the  filtrate,  when  evaporated  at  a 
gentle  heat,  leaves  a  violet,  glassy,  slightly  transparent,  amorphous  mass, 
which  dissolves  slowly  in  cold,  but  quickly  and  abundantly  in  hot  water. 

—  Berlin  adds  to  a  hot  aqueous  solution  of  bichromate  of  potash,  pul- 
verised tartaric  acid  in  saccessive  small  portions,  but  only  so  long  as 
carbonic  acid  continues  to  escape,  because  a  larger  quantity  of  tartario 
acid  would  throw  down  some  of  the  potash  in  the  form  of  acid  tartrate;— 
and  by  evaporating  the  dark  green  solution,  obtains  a  blackish  green 
vitreous  mass,  which  contains  1  At.  potash,  1  At.  chromic  oxide,  and 
1  At.  tartaric  acid;  dissolves  readily  in  water;  and  is  precipated  there- 
from by  alcohol.  On  mixing  the  solution  of  this  mass  witn  a  concen- 
trated solution  of  beutral  tartrate  of  potash,  it  deposits  dark  green 
crystalline  grains,  containing  3  At.  potash  to  1  At.  chromic  oxide. 
(Berlin.)  —  According  to  Malaguti  (Compt  rend.  16,  457;  also  J.  pr. 
Chem.  29,  294),  the  salt  obtained  with  bichromate  of  potash  and  tartaric 
acid  is:  KO,CrH3',C*H*Oi**-i-7Aq;  he  does  not,  however,  regard  it  as 
a  double  salt,  but  agrees  with  Kochlin  in  viewing  it  as  chromotartrate  of 
potash.  —  An  aqueous  solution  of  cream  of  tartar  saturated  with  hydrated 
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chromio  oxide  yields  a  similar  salt,  which,  however,  when  thrown  on 
red-hot  coals,  gives  off  the  same  odour  as  other  tartrates,  which  is  not  the 
case  with  chromotartrate  of  potash.  (Malagati.) 

Uranoits  Tartrate. —*  Tartario  acid  forms  with  protoohloride  of 
uraniam,  a  copious  grejish  green  precipitate  which  is  easj  to  wash. 
The  air-dried  salt  gives  off  11*76  per  cent,  of  water  at  100°.  It  dissolves 
in  hydrochloric  acid,  and  is  precipitated  therefrom  bj  ammonia^  unless 
an  additional  quantity  of  tartaric  acid  is  added,  in  which  case  ammonia 
merely  colours  the  solution  brownish  yellow.  It  dissolves  sparingly  in 
aqueous  tartaric  acid,  forming  a  non-crystallisable  liquid  which  is  not 
precipitated  by  alkalis.  (Rammelsberg,  rogg.  59,  81.) 

DHeJ  ai  100*".  Rammelsberg. 

3  UO 204     ....     69a3     59*57 

8  C 48    ....     13-91     13-12 

4  H 4     ....       M6    108 

10  0 80    ....    23-19    21-81 

HO 9    ....      2-61     3-76 

— -  ■        —  — ,^^-^^_^^,^_^^_^^_^_^^  __.  ^.. 

UO,C»H*U«OMHO 845     ....  100-00    99*34 

Uranic  Tartrate. — An  aqueous  mixture  of  chloride  of  nranoos 
oxide  and  neutral  tartrate  of  potash  deposits  very  small,  pale-yellow, 
sparingly  soluble  crystals.  (V.  Rose,  Richter.)  The  yellow  solution  of 
pure  uranic  oxide  in  aqueous  tartaric  aeld  yields :  {a)  by  warm  evapo« 
ratioUjL  crystals  with  a  smaller  amount  of  water;  and  (6)  by  spontaneous 
evaporation,  crystals  with  a  larger  amount.  The  latter  give  off  in 
vacuo  or  at  150  in  a  current  of  dry  air,  103  p.  c.  (6  At.)  water,  whereby 
they  are  converted  into  salt  a,  which  suffers  no  further  loss  at  200  . 
(Peligot,  N.  Ann.  Chim.  Fhy,  12,  463;  also  J.  pr.  Chem.  35,  153.) 

Salt  a.  Peligot. 

2  U'O' 288  ....  65-76  65-30 

8  C  48  ....  10-95  10-85 

6  H 6  ....  1-37  1-45 

12  O  96  .„.  21-92  22-40 

2XJS03,a'H«0" 43d  ....  10000  100-00 

Salt  I.  Peligot. 

2  U«0» 288  ....  58-54  58*60 

8  0  48  ....  9-76  9-86 

12  H 12  ....  2-44  2-38 

18  O  144  ....  29-26  2916 


2U»0»,C8H«0«  +  6Aq 492  ....  10000  lOO'OO 

Uranic  salts  are  precipitated  by  alkalis,  even  after  addition  of  tartaric 
acid.  (H.  Rose.) 

Potamty-uranous  Tartrate.  —  1.  Uranous  tartrate  while  still  Inoisi 
is  dissolved  in  a  warm  concentrated  solution  of  neutral  tartrate  of  potash, 
the  dark  brown  solution  left  to  evaporate  spontaneously,  then  decanted 
from  the  crystallised  acid  tartrate  of  potash,  and  completely  dried.  — 
2.  Recently  precipitated  hydrated  uranous  oxide  is  boiled  with  cream  of 
tartar  and  water,  and  the  rest  of  the  process  conducted  as  above.— 
Black,  shining,  amorphous  mass,  which,  after  drying  over  oil  of  vitriol, 
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contains  1315  p.  c.  KO  and  48*52  UO^  and  whose  aqueous  solution  is 
precipitated  bj  potash  but  not  bj  ammonia  or  bj  alkaline  carbonates. 
(Rammelsberg.) 

Manganous  Tartrate.  —  A  hot  aqueous  mixture  of  chloride  of  man- 
ganese and  neutral  tartrate  of  potash,  first  deposits  cream  of  tartar,  and 
afterwards,  on  cooling,  manganous  tartrate  in  small  white  crystals  which 
are  resolved  by  water  into  a  soluble  acid  and  an  insoluble  b<mc  salt* 
(Pfaff,  Schw.  4,  377.) 

Manganic  Tartrate.  •»  A  cold  concentrated  solution  of  tartaric 
acid  forms  with  manganose-manganic  oxide,  a  brown  solution  which  is 
decomposed  bj  eyaporation,  and  when  supersaturated  with  potash 
remains  brown  without  yielding  any  deposit.  (Fromherz,  Schw,  44,  338.) 

PotassUhmanffanous  Tartrate,  —  Obtained  by  dissolving  carbonate  of 
manganese  in  aqueous  cream  of  tartar.  The  salt  crystallises  with 
difficulty,  is  very  soluble,  and  is  not  precipitated  by  pure  alkalis  or 
alkaline  carbonates.  (Scheele.)  —  Peroxide  of  manganese  forms  with 
cream  of  tartar,  at  ordinary  temperatures,  a  brown  solution,  which  is 
decolorised  and  emits  carbonic  acid  when  heated,  (Scheele.) 

Manganous  salts  mixed  with  tartaric  acid  are  not  precipitated  by 
alkalis  or  alkaline  carbonates.  (H.  Rose.) 

Tartrate  of  jirsenious  acid  ?  —  The  solution  of  arsenious  acid  in 
tartaric  acid  yields  prisms  by  evaporation.  (Bergmann.) 

Tartrate  of  Arsenious  acid  and  Ammonia, — Obtained  by  adding 
arsenious  acid  to  a  boiling  aqueous  solution  of  acid  tartrate  of  ammonia 
as  long  as  it  dissolves.  Arsenious  acid  crystallises  out  first  from  the 
filtrate,  and  afterwards  the  double  salt  in  beautiful  crystals.  (Mits- 
cherlich,  Lehrb.)  —  The  boiling  must  be  continued  for  a  long  time,  so 
that  a  sufficient  quantity  of  arsenious  acid  may  be  dissolved.  The  liquid, 
when  evaporated,  yields  at  first  a  considerable  succession  of  crusts  of  wiad 
tartrate  of  ammonia  with  but  little  arsenious  acid,  but  afterwards,  when 
very  highly  concentrated,  larse  glassy  crystals  of  the  double  salt,  which 
quickly  effloresce,  and,  at  100  to  105  ,  give  off  4*67  per  cent,  of  water 
together  with  a  little  ammonia.  The  aaueous  solution  of  100  pts.  of  the 
fresh  crystals  yields  with  sulphuretted  nydrogen,  48*17  pts.  of  sulphide 
of  arsenic  and  63*12  pts.  of  acid  tartrate  of  ammonia.  (Werther,  J.  pr. 

Chem.  32,  409.) 

Cry$iaU,  Wcrthcr. 

AsOa 99    ....    37*22    37*54 

C8H»(NH<)0» 167     ....     62-78     63*12 

C8H*(NH^)(A80«)0«  +  Aq 266     ....  100*00     100*00 

Therefore  as  Mitscherlich  gives  it. 

Tartrate  of  Arsenious  add  and  Potash  and  Tartrate  of  Arsenioits  acid 
and  Soda  are  obtained  in  a  similar  manner  but  do  not  crystallise  so  welU 
(Mitscherlich.) 

Tartrate  of  Arsenic  acid  and  Potash,  — -  The  hot  solution  of  1  pt, 
arsenic  acid  in  6  pts.  of  water  is  saturated  with  finely  pulverised  cream 
of  tartar;  the  liquid  being  well  stirred;  the  filtrate,  which  still  con* 
tains  free  arsenic  acid,  eiuier  left  to  crystallise  by  cooling,  or  better, 
precipitated  by  alcohol;  and  the  resulting  powder,  which  is  sometimeq 
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amorphooji,  sometimes  crystalline,  quickly  washed  with  alcohol,  and 
dried  in  the  air.  It  is:  KO,AsO»,C«H*0**+5Aq.  — It  gives  off  5  At 
water  at  130°,  and  turns  brown  at  a  higher  temperature,  emitting  the 
odour  of  burnt  sugar  and  of  alkarsin.  It  dissolves  very  readily  in 
water;  but  the  solution  soon  deposits  cream  of  tartar,  and  yields  free 
arsenic  acid.  An  excess  of  arsenic  acid  prevents  this  separation  of 
cream  of  tartar,  and  from  such  a  mixture  the  undeoomposed  double  salt 
may  always  be  precipitated  by  alcohol.  (Pelouze,  I^,  Ann.  Chim,  PAys. 
6,  63;  also  Ann,  Fharm.  44^  100;  also  J.,  pr,  Chem,  28,  18.) 

Antimonic  Tartrate. — a.  Neutral,  —  By  precipitating  a  solution 
of  antimonic  oxide  in  aqueous  tartaric  acid  with  alcohol,  a  white  granular 
precipitate  is  obtained,  insoluble  in  water,  but  dissolving  readily  in 
neutral  tartrate  of  potash,  with  formation  of  tartar-emetic.  The  com-^ 
position  of  this  precipitate  is  Sb(P,C*H*0*,HO,  [therefore  =  2SbO', 
C»H«0"  =  CrH*(SbO«)»0"  +  2Aq].     At  100^  it  rives  off  1  At.  water 

I  or  according  to  the  other  formula  2  At.,  so  that  C*n*(SbO')'0*',  remains]. 
)ut  this  residue,  when  immersed  in  water,  is  reconverted  into  the  original 
salt.  The  thoroughly  dried  salt  decomposed  with  sulphuretted  hydrogen 
and  alcohol,  yields  no  other  acid  than  tartaric  acid,  that  acid  being 
regenerated  by  the  water  formed  from  the  oxygen  of  the  antimonic 
oxide  and  the  hydrogen  of  the  hydrosulphurio  acid  [Or:  C^H'Sb'O^^ 
+  6HS  =  2SbS' +  CWO"  +  2H0J.  (Berzelius,  Fogg,  47,  315,  and 
Lehrh.) 

h,  ilcu£.  —  Obtained  by  precipitating  the  aqueous  solution  of  the 
following  salt  with  [perhaps  a  smaller  quantity  of  f]  alcohol.  (Peligot.)  — > 
This  salt  is  probably  identical  with  that  which  Soubeiran  or  Capitaine 
{J,  Fharm,  25,  742)  obtained  by  precipitating  the  solution  of  antimonic 
oxide  in  tartaric  acid  with  alcohol,  after  evaporating  to  a  syrup,  and 
respecting  which  they  state  that  the  amount  of  antimony  in  it  is 
variable,  and  that,  after  drying  at  100°,  it  suffers  a  further  loss  at  210°. 

Dried  at  160^  Peligot. 

Sb03 153  ....  53-69                                                                        i 

8  C  48  ....     16-84     16-47 

4H 4  ....       1-40    1-38  : 

10  0 80  ....  2807 

SbO»,C»H«0»[?]  285     ....  10000 

c.  Hyperacid.  —  The  solntion  of  antimonic  oxide  in  aqueous  tartaric 
acid  evaporated  to  a  symp,  yields  after  a  while,  laige  transparent 
crystals.  ^Peligot,  N.  Ann,  Chim,  Fhys,  20,  289;  also  J.  pr,  Chem,  41, 
381.)  This  solntion  crystallizes  indistinctly  (Bergman);  deposits  a  white 
powder,  which  after  washing  with  alcohol  dissolves  in  water  and  reddens 
litmus  (Soubeiran,  J,  Fharm,  10,  535);  does  not  yield  any  crystals 
(Dulk).  —  The  cr3r8tals  obtained  by  Peligot  belong  to  the  right  prismatic 
system.  Fig,  68  without  the  p-face,  but  with  an  n-face  between  u  and  t, 
«':!*'  =  133°  30';  w:t=  113°  15;  n  :  «=  137;  y:e  =  90°;  yry  behind 
=  76°;  i:<=115°;  y:t  =  125°.  (Prevostaye.)  —  The  crystals  deli- 
quesce in  damp  air,  and  dissolve  very  readily  in  water.  (Peligot.)  — 
The  solution  of  antimonic  oxide  in  tartaric  acid  is  precipitated  by 
sulphuric,  hydrochloric,  and  nitric  acid.  (Schnaubert,  VenoandUch.  80.) 
— All  antimony  salts  are  protected,  by  addition  of  tartaric  acid,  from 
precipitation  by  water  or  alkalis.  (H,  Rose.) 
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SbO» 

16  C 

16  H    ... 
28  O    ... 


FeligoU 

153 

••••    01*^7    •«. 

31-50 

96 

....     19*63    ... 

....     18-95 

16 

•«•«       3*27     ..• 

3-50 

224 

....     45-81     ... 

46-05 

C»H»(SbO«)b»C»H«0»  +  5Aq.?....  489    ....10000    10000 

The  crystals  give  off  23-1  p.  c.  (12  At.)  water  at  160°,  and  therefore 
leave  SbO»,  C"H*0".  (Peligot.)  The  exact  nature  of  this  residue  must 
be  decided  bj  further  investigations.  The  formula  given  bj  Gerhardt 
(iT.  J,  Fharm.  12,  212)  appears  too  artificial. 

Eydrated  Antimonic  acid  dissolves  readilj  in  aqueoos  tartaric  acid. 
(J.  A.  Buchner,  Bepfrt.  66,  171.) 

AmmoniO'antimonic  Tartrate.  —  Ammoniaeal  Tariar-emelic.  —  An  aqueous 
solution  of  acid  tartrate  of  ammonia  is  boiled  with  antimonic  oxide^  and 
the  filtrate  evaporated,  till  it  forms,  on  cooling,  a  stiff  jellj,  in  which 
regular  crystals  gradually  appear.  (L.  A.  Buchner,  Eepert,  78,  320.  On 
attempting  to  take  these  crystals  out  of  the  jelly,  it  again  becomes  thin 
and  mobile  from  the  effect  of  the  agitation,  and  deposits  a  crystalline 
powder,  having  the  same  composition.  (Buchner.)  Berlin  (Ann,  Pharm, 
64,  358),  leaves  the  concentrated  solution  to  evaporate  in  the  air  at 
1 5°  to  60°  till  it  crystallizes. 

The  transparent,  colourless,  shining  crystals  belong  to  the  right 
prismatic  system,  and  are  isoroorphous  with  ordinary  tartar-emetic. 
(Kobell,  PrevoBtaye.)  Fig.  45.  Let  the  face  below  a  ve  denoted  by  e; 
the  face  below  e  does  not  occur  in  these  crystals,  p  :  a  =  121°  39'; 
u:e  =  165^27'  (167°  according  to  Kobell);  p  :  «  =  107^7';  p  :  t*  =  90%- 
a  :  a  at  the  side  =  101''  8'  (103°  42'  according  to  Kobell);  (a  :  a  [be- 
hind  1]  =  108°  57'  Kobell);  w  :  W  =  83°  29';  a  above  :  a  below  =  116^^42' 
(116°  9\  Kobell).  The  faces  a;  are  subordinate;  the  faces  a  are  alter- 
nately absent;  and  by  this  hemihedry  the  crystals  become  tetrahedral; 
the  a;-faces  also  are  sometimes  half  present.  (Kobell,  Prevostaye.)  — 
When  part  of  the  solution  of  ammoniaeal  (or  ordinary)  tartar-emetic  has 
crystallised  in  this  form,  the  mother-liquor  often  yields  still  more  efiio- 
resc>ent  right  rhombic  prisms  slightly  truncated  at  the  lateral  edges 
(whose  angles  =  127°  and  53°),  and  bevelled  in  opposite  directions  at 
the  summits  (angle  of  the  bevelling  edge  =  85°  30').  Pasteur.  [There- 
fore nearly  the  same  as  fig,  72,  together  with  the  m-face].  These  large 
and  very  efflorescent  prisms,  formed  by  spontaneous  eTaporation,  give  off 
15  3  per  cent.  (5  At.)  water  at  100°. 

The  ordinary  crystals,  when  exposed  to  the  air,  give  off  water,  and 
assume  the  appearance  of  porcelain,  though  leSs  quickly  than  those  of 
common  potasV tartar-emetic;  at  100°,  they  give  off  5*41  p.  0.  water,  and 
a  little  above  100°,  they  also  evolve  ammonia.  (Buchner.)  Heated  to 
108°  in  a  current  of  air,  they  give  off  water  and  ammonia.  (Dumas  & 
Piria.)  They  dissolve  in  water  much  more  readily  than  those  of  potash 
tartar-emetic.   (Buchner.) 

Ciyttalt,  DvmaB  &  Piria. 

N 14    ....       4-37     4-60 

SbO" 153     ....     47-81 

9  C  48     ....     1500     15-20 

9  H 9     ....      2-82    2-95 

12  O  96     ....     3000 

C^H<(NH<)(SbOa)0«  4  Aq 320     ....  100-00 
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Or: 

Bucbner, 

NH» 17     ....       5'31     5-00 

SbO»     153     ....     47-81     46*60 

C«H»0"  141     ....     44-07 

HO 9     ....       2-81     5-41 

C9H*(NH*)(SbO«)0"  +  Aq....     320     ....  100*00 

Potassio-antimonic  Tartrate. — a,  Basic  ^  —  o.  Boiling  aqaeous  tartar- 
emetic  dissolves  antimonic  oxide,  and  on  cooling  yields  needles  which  are 
decomposed  by  water  into  tartar-emetic  and  a  residue  of  tartrate  of 
antimony.  (Bucholz.)  This  statement  is  contradicted  by  Soubeiran  & 
Capitaine  (J.  Pharm,  25,745)  according  to  whom,  188*2  pts.  (1  At.) 
cream  of  tartar  boiled  for  40  hours  with  295  pts.  (nearly  2  At.)  antimonic 
oxide  and  with  water,  dissolve  only  half  the  oxide,  forming  with  it 
ordinary  tartar-emetic.  —  p.  An  aqueous  solution  of  neutral  tartrate  of 
potaj»h  dissolves  antimonic  oxide  (Bergman),  which  is  then  not  pre- 
cipitated by  alkalis.  (Thenard.) 

h.  Neutral,  —  Ordinary  Tartar-emetic,  gewdhnlicher  Brechtoeineiein,  Spiest' 
pUmzweitutein,  Tartarua  emeticua^  Tartanu  etibiatus.  —  3  pts.  of  antimonic  oxide 

are  digested  with  4  pts.  of  cream  of  tartar  and  with  water;  the  solution 
filtered  hot;  the  crystals  which  are  obtained  by  repeatedly  evaporating  and 
cooling  the  filtrate,  pulverised  and  dissolved  in  15  times  their  weight 
of  cold  water;  and  the  solution  again  filtered  and  evaporated  to  the  crys- 
tallising point. 

The  preparation  is  made  (1)  with  pure  antimonic  oxide  obtained  by 
method  2 — 6  (iv,  324,  325);  —  Or  (2)  with  crocus  anlimonii  or  vitrum 
antimonii,  containing  sulphide  of  antimony  (iv,  359,  360),  in  quantity 
equal  to  that  of  the  cream  of  tartar  (the  sulphide  of  antimony  then 
remains  undissolved);  in  the  latter  case,  the  tartar  emetic  obtained  has  a 
yellow  colour,  arising  from  potassio-ferrio  tartrate,  and  the  mother-liquor 
becomes  gelatinous  from  the  presence  of  silica;  the  solution  obtained  with 
oxide  of  antimony  containing  sulphide  yields  a  yellow  mother-liquor 
containing  sulphur  in  the  form  of  kermes  [or  of  hyposulphite  of  potash  ?] 
(FiBcher,  Kasln,  Arch.  9,  352); — Or  (3)  with  basic  sulphate,  hydro- 
chlorate,  or  nitrate  of  antimonic  oxide  (the  first  to  be  obtained  by  heatin? 

2  pts.  of  antimony  with  3  pts.  of  oil  of  vitriol,  —  or  more  cheaply,  though 
contaminated  with  sulphur,  by  boiling  down  to  dryness  a  mixture  of 

3  pts.  sulphide  of  antimony,  2  pts.  nitre,  2  pts.  oil  of  vitriol,  and  24  pts. 
water,  and  washing  out  with  water,  —  and  then  to  be  digested  while  still 
moist  with  3  pts.  of  cream  of  tartar).  When  these  basic  antimony  salts 
are  acted  upon  by  cream  of  tartar,  the  mineral  acids  are  separated  from 
the  antimonic  oxide,  and  remain  in  the  mother-liquor,  partly  combined 
with  the  potash  of  the  cream  of  tartar  in  the  form  of  acid  salts,  and 
together  with  free  tartaric  acid.  As  the  free  acids  retard  the  crystal- 
lisation, the  mother-liquor  separated  from  the  first  crystals  must  be 
partly  neutralised  with  carbonate  of  Hme,  before  it  is  evaporated  to 
obtain  a  second  crop  of  crystals;  this  free  acid,  however,  holds  in 
solution  all  the  iron  which  frequently  occurs  in  sulphide  of  antimony, 
and  causes  the  tartar-emetic  to  crystallize  out  whiter;  hence  also  whiter 
crystals  are  obtained  by  the  other  modes  of  preparation  if  a  little  hydro- 
chloric acid  be  added  to  the  liquid. 

The  cream  of  tartar  and  antimonic  oxide  are^  either  treated  at  first 
with  only  sufficient  water  to  form  a  pulpy  mass,  and  this  mixture;  after 
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from  2  to  4  hours*  digestion,  and  when  it  is  no  longer  sandy,  boiled  for  a 
quarter  of  an  honr  with  a  larger  qaantitj  of  water;  or  the  materials  are 
boiled  at  once  with  10  to  20  pts.  of  water,  till  the  whole  of  the  tartar- 
emetic  and  the  greater  part  of  the  antimonio  oxide  are  dissolved.  The 
vessels  may  be  of  porcelain,  glass,  antimony,  silver,  platinnm,  or  for  quick 
preparation,  of  copper,  or  cast-iron.  —  When  pure  antimonio  oxide  and 
pure  cream  of  tartar  are  used,  the  mother-liquor  yields  tartar-emetic  to 
the  last  drop,  but  when  the  impure  ingredients  are  used,  the  impurities 
remain  in  the  last  nncrystalHsable  portion  of  the  mother-liquor.  (Phillips.) 
»-« There  often  remains  a  mother- liquor  which  dries  up  to  a  gummy  mass, 
and  [especially  perhaps  when  basic  sulphate,  hydrochl orate,  or  nitrate  of 
antimony  is  used],  consists  principally  of  acid  potassio-antimonic  tartrate 
(p.  305).  (Knapp.)  —  The  resulting  crystals  of  tartar-emetic  are  free 
from  arsenic,  even  if  the  antimonic  oxide  used  in  the  preparation  contained 
arsenic  (Serullas,  Chevallier,  J.  Ghim.  mid.  22,  71);  but  they  may  be 
contaminated  with  cream  of  tart&r,  tartrate  of  lime,  oxide  of  iron,  silica^ 
and  the  basic  potassio-antimonic  tartrate  a,  a;  hence  the  necessity  of 
redissolving  them  in  15  pts.  of  cold  water,  filtering  and  crystallising 
(Bucholz);  comp,  Monch  (Crell,  Chem,  J,  2,  73.)  Deraachy  {Crell,  Chem. 
J.  4, 184.)  Lassoue  {Crcll,  Chem,  J,  5, 166.)  —  Bergman  {Opusc  1, 338.) 
Bucholz  {A.  Tr.  9,  2,  25;  Tasdierh.  1806,  1  and  209;  1811,  126.) 
Soubeiran  (J.  Pharm,  10,  524.)  N.  E.  Henry  {J,  Chim,  mid,  1,  521; 
2,  1.)  Phillips  (Ann,  FhiL  25,  372.)  Herrmann  {JaJirb,  pr.  JBharm^ 
7,  148.) 

a.  Dned  at  200°.  The  crystals  of  tartar-emetic  give  off  2*1  p.  c. 
(1  At.)  water  at  100°,  and  at  a  higher  temperature  (before  decomposition 
begins),  7*38  p.  c.  (3  At.)  in  all.  (Phillips.)  Tartar-emetic  dried  at  100° 
in  a  glass  tube  which  is  continually  turned  round  over  a  feeble  alcohol- 
flame,  can  support  a  heat  of  300°  without  browning,  and  gives  off  from 
5-1  to  6*5  per  cent,  of  water.  (Liebig,  Ann.  Fharm,  26, 132!)  The  finely 
pulverised  crystals  heated  in  the  oil-bath  in  a  current  of  air,  turn  brown 
between  235°  and  240°,  emitting  an  odour  of  burnt  suffar;  but  between 
200°  and  220°,  they  give  off  in  12  hours  without  any  colouring,  from  7*6 
to  7*7  p.  c.  water.  (Dumas  &  Piria.)  The  crystals  heated  somewhat  above 
100°  in  a  current  of  dry  air,  give  off  2*63  p.  c.  (1  At.)  water;  between 
160°  and  180°  (and  in  a  longer  time  even  at  130^),  5*26  p.  c.  (2  At.)  in 
all;  and  at  200^  220°,  7-71  p.  c.  (3  At.)  in  all.  (Berlin.) 

Dried  at  200^  Liebig. 

KO 47-2  ....  15-02 

Sb05   153-0  ....  48-69 

8  0 48-0  ....  15-28     15-54 

2  H 2-0  ....  0-64     0-67 

8  0 64-0  ....  20-37 

C8H«K(SbO»)OW  314-2    ....  100-00 

The  salt  dried  at  200°  may  be  regarded  as  tartaric  anhydride 
(C*H^O',0'),  (or,  as  Laurent  &  Gerhardt  prefer,  as  the  isomeric  com- 
pound, tartrelic  acid),  in  which  IH  is  replaced  by  K  and  IH  by  SbO^ 
=  C«H«K(SbO*)0^0^— -Gerhardt  (A^.  J.  Pharm,  12,  214,)  supposes 
that,  in  this  compound,  an  ordinary  atom  of  Sb  splits  up  into  3  At. 
She,  whence  he  derives  the  formula  C®H*KSba',0".  —  Peligot,  (H.  Ann, 
Chim,  Phys,  12,  and  J,  pr.  Chem,  35,  162,)  supposes  tartaric  acid  itself 
to  be  C'H*0^  and  writes  C«H«K(SbO»)0^  but  is  thereby  obliged  to 
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assume  that  the  ordinary  tartrates,  even  when  ever  so  thoroughly  dried, 
still  contain  2  At.  water  of  c^tallisation.  —  According  to  the  radical 
theory,  Liebig  and  Dumas  &  Piria  write  the  formula  of  the  salt,  KO, 
SbO',C«HW;  and  Berzelius  writes  it,  KO,C*HO*  +  SbO',C*HO*.  The 
latter  endeavoured  to  isolate  this  peculiar  acid,  C^HO^  by  decomposing 
the  salt  suspended  in  hot  absolute  alcohol  with  sulphuretted  hydrogen. 
The  decomposition  took  place  slowly,  yielding  sulphide  of  antimony  and 
a  large  quantity  of  reproduced  cream  of  tartar,  while  in  the  alcoholic 
solution,  there  remained  a  very  small  quantity  of  the  potash-salt  of  a 
peculiar  acid,  which,  after  evaporating  the  alcohol,  dissolving  the  residue 
in  water,  filtering  from  sulphide  of  antimony,  and  evaporating,  remained 
as  an  opaque  gum,  which  reddened  litmus,  (or  in  crystals  by  spontaneous 
evaporation,)  burnt  without  any  odour  of  burnt  sugar,  and  from  whose 
aqueous  solution  acids  did  not  throw  down  cream  of  tartar,  [tartralic  or 
tartrelic  acid?]  (Berzelius,  J,  pr,  Cliem,  14,  350;  Pogg.  47,  315;  Zehrb.) 
When  tartar-emetic,  dried  between  200°  and  220°,  is  dissolved  in  water 
and  decomposed  by  sulphuretted  hydrosren,  a  filtrate  is  obtained,  which, 
after  neutralization  with  ammonia,  behaves  with  lime-salts  like  meta- 
tartrate  of  ammonia,  but  after  standing  for  24  hours,  like  the  tartrate. 
(Laurent  &  Gerhard t.) 

p.  Dried  at  100°.  The  fresh  crystals,  dried  at  100°,  retain  their  form, 
but  turn  white  and  opaque,  giving  off  2-1  p.  c.  water  (Phillips);  2*39, 
and  at  108°,  2'73  in  all  (Dnmas  &  Piria);  1*75,  and  somewhat  above 
100°,  2-63.  (Berlin.) 

Dried  at  100^.  Liebig.        Dumas  &  Piria. 

KO  47-2  .... 

SbO»    1530  .... 

8  0 480  .... 

4  H 4-0  .... 

10  0 80-0     ....     24-08 

C8H*K(SbOa)0^ 332-2     ....  lOO'OO 

According  to  Pcligot,  C8Il*(Sb02)0",  or,  as  likewise  established  by  Dumas  &  Piria, 
KO,Sb03,(?H*08  +  2HO;  according  to  Liebig,  KO,SbO',C8H^O>o. 

7.  Crystallized  Tartar-emetic  forms  transparent,  colourless  (sometimes 
partially  opaque),  shining  rhombic  octohedrons,  isomorphous  with 
ammonio-antimonic  tartrate,  and  tetrahedrons  produced  by  hemihedry. 
Fig.  45.  Let  the  first  pair  of  faces  below  a  be  denoted  by  e,  and  the  second 
by  i;  p:a=:  122^;  a:<?=  166°  40*;  a:^=  165°  40^;  p\u  =  90°; 
a  :  a  at  the  side  =  108°  16'j  a  :  a  behind  =  104°  15'  (103°  3',  Bemhardi). 
The  faces  e  and  i  are  generally  striated  and  indistinct;  only  one  direction 
of  cleavage,  parallel  to  p.  (Brooke,  Ann.  Phil,  22,  40.)  m  :w  =  93^  20' 
and  86°  40'.  (Soret,  TasrAenb.  1823,  136;  comp.  Bemhardi,  N,  Tr. 
7,  2,  58;  and  Prevostaye.)  —  Tartar-emetic  has  a  metallic  taste,  acts  as  an 
emetic,  and  in  larger  quantities,  as  a  poison. 

CrpsiaU.  Dumas  &  Piria.     Thomson. 

KO 47-2     ....  13-83 

SbO»    153-0     ....  44-84  ....     42-62 

8  C 48-0     ....  14-07  14-34 

5  H 5-0     ....  1-47  1-50 

11  0 88-0     ....     25-79 


14-21 

46-03 

14-45     

•  •■                                     ■ « 

..     14-78 

1-20     

...       1-18     .. 

1-24 

C8H*K(Sb02)0»  +  Aq.    341*2     ....  100*00 
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Or: 

Cn/itaU.  PhiUips.        WallquUt.      Dalk. 

KO *. 47-2    ....     13-83    ....  ....     13-64 

8bO» 1530     ....     44-84     4335     ...,     42-99     ....     43*08 

CSH^QW 1320     ....  88-69 

HO    90     ....       2-64     a-10    ....       5-14     ....       690 

C8H^K(Sb02)0«  +  Aq 3412    ....  lOO'OO 

^«'«^-  Wardenburg.        son.              ®*^-    ^^ 

KO 47-2  ....  18-83  ....     13-64     ....     12-80     ....       9-80     ....     16 

SbO»  153-0 ....  44-84  ....    4316    ....     45-92    ....    4260    ....    38 

C8H*0«' 132-0  ....  38-69  ....                 ....    35*25 

HO 9-0 ....    2-64  ....      2-00    ....      4-84    ....      3*75    ....      8 


C8H<K(SbO«)0»  +  Aq.  341-2 ... 100*00  98-81 

For  Drapier'fl  analyses,  see  Ann.  pinSr,  1819;  also  Sckw.  30,  406. —In  the 
analyses  by  Phillips  and  by  Brandes  &  Wardenburg  {Ann.  PAarm.  2,  71),  the  per- 
centages of  water  are  given  which  tbe  crystals  lose  at  100^;  in  the  analyses  by  Wall- 
quist,  Dulk,  G5hel  {Schw,  37,  73)  and  Th^aard,  there  is  no  statement  as  to  the 
temperature  at  which  the  water  was  determined,  but  to  judge  from  the  quantity,  it  must 
have  been  considerably  aboTe  100^,  so  that  the  salt  /3  would  be  partially  converted 
into  the  salt  a.  Richardson  (Records  qf  Oen.  Se.  1836)  dried  his  salt  at  204^.  The 
rest  of  his  analysis  is  based  upon  the  fact  that  100. pts.  of  tbe  crystals  decomposed 
in  aqueous  solution  by  hydrosulphuric  acid,  yielded  53*2  pts.  of  sulphide  of  antimony 
and  39*92  cream  of  tartar.  —  Widlquist  supposes  half  the  antimonic  oxide  to  be  combined 
with  half  the  potash,  and  accordingly  gives  the  formula:  K0,OHK)*  +  SbO>,3C<H^ 
+  KO,SbO»  +  2Aq. 

The  crystals  gradually  become  opaque  when  heated  in  the  air,  giving 
oQ,  according  to  Braudes  &  Wardenburg,  0'5  p.  c.  water,  whereas  opaqae 
crystals,  which  generally  contain  less  water,  do  not  suffer  any  diminution 
in  weight.  —  They  decrepitate  in  the  fire,  bum  away  with  an  antimonial 
fume,  and  leave  charcoal  mixed  with  grains  of  antimony  (Bergman), 
and  when  ignited  in  close  vessels,  leave  a  highly  inflammable  pyrophcric 
mass.  (Serullus.) 

Iodine  added  to  an  aqueous  solution  of  tartar-emetic,  forms  a  preci- 
pitate of  oxyiodide  of  antimony,  SbP,5SbO'.  —  From  the  hot  solution  of 
100  pts.  tartar-emetic  in  1000  pts.  water,  34  pts.  of  iodine  throw  down 
golden-yellow  spangles  as  the  liquid  cools,  and  50  pts.  of  iodine  form  an 
orange-yellow  precipitate  (which  redissolves  with  brown  colour  on  the 
addition  of  more  iodine);  the  colourless,  strongly  aoid  filtrate  precipitates 
metallic  salts  in  the  manner  of  hydriodic  acid  or  iodide  of  potassium. 
Alcohol  added  to  this  filtrate  throws  down  a  curdy  powder,  which  dis- 
solves in  water,  forming  an  nncrystalli sable  acid  syrup,  whilst  iodide  of 
potassium  remains  in  solution.  Iodine  alone  does  not  precipitate  neutral 
acetate  of  lead  or  corrosive  sublimate;  but  in  presence  of  tartar^emetio^ 
it  throws  down  iodide  of  lead  or  iodide  of  mercury.  (Preuss,  Ann,  Fharm. 
29,  214.)  —  The  golden-yellow  spangles  may  likewise  be  obtained  by 
dropping  alcoholic  iodine  into  the  saturated  solution  of  tartar-emetic  in 
aqueous  tartaric  acid,  so  long  as  it  does  not  produce  any  permanent  brown 
colour;  or  by  triturating  2  pts.  of  tartar-emetic  with  1  pt.  of  iodine  and 
a  small  quantity  of  cold  water  to  a  pulp,  and  heating  it  gently  till  the 
iodine  dissolves;  sometimes  a  brown-red  compound  [SbP?]  is  formed  at 
the  same  time.  The  brown  acid  liquid  filtered  from  the  spangles,  leaves^ 
when  evaporated,  a  black  residue,  which  dissolves  in  water  without 
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colour,  and  witb  separation  of  golden-jellow  spangles.  The  resnlting 
solution  contains  about  1  At.  antimony  to  2  At.  potassium  and  2  At. 
iodine;  alcohol  precipitates  from  it  a  white  salt  free  from  iodine,  and 
containing  antimony,  together  with  12*17  p.  c.  potash,  probably,  there- 
fore, tartar-emetic.  Iodine,  therefore,  throws  down  froiu  tartar-emetic 
only  a  portion  of  the  antimony,  that,  namely,  which,  according  to  Wall- 
quisf  s  formula,  is  in  combination  with  the  potash.  (Stein,  J.  pr.  Chan, 
80,  48.)  [But  even  if  only  the  portion  of  antimonic  oxide  combined 
with  the  potash  were  removed,  the  liquor  could  no  longer  yield  a  preci- 
pitate of  tartar-emetic  on  addition  of  alcohol.  Part  of  the  tartaric  acid 
must  necessarily  be  altered  by  oxidation  during  this  reaction.] 

Of  the  heavy  metals,  iron  is  the  only  one  which  precipitates  antimony 
completely  from  the  aqueous  solution  of  tartar-emetic.  (Wallquist.)  — 
Sulphuretted  hydrogen  decomposes  it  immediately,  yielding  kermes  and 
tartar-emetic.  In  very  dilute  solutions,  sulphuretted  hydrogen  produces 
only  a  red  colouring,  which  passes  into  precipitation  on  addition  of  cream 
of  tartar  or  mineral  acids.  (Pfaff,  Geiger.)  A  solution  of  tartar-emetic 
in  4608  pts.  water,  assumes  only  au  orange-yellow  colour  when  treated 
with  sulphuretted  hydro^ren,  but  deposits  kermes  on  boiling.  (Turner.) 

Sulpharic,  nitric,  or  hydrochloric  acid,  added  to  an  aqueous  solution 
of  tartar-emetic  (not  containing  free  tartaric  acid:  Sonheiran),  throws 
down,  not  cream  of  tartar,  but  a  basic  sulphate,  nitrate,  or  hydrochlorate 
of  antimonic  oxide,  soluble  in  excess  of  hydrochloric  acid  or  in  tartaric 
acid.  (Geiger,  Mag.  Pkarm,  7,  258.)  According  to  Turner,  the  preci- 
pitate likewise  redissolves  in  excess  of  sulphuric  acid,  but  according  to 
Geiger  k  H.  Rose,  it  does  not  dissolve.  According  to  Dulk,  the  preci- 
pitate consists  of  basic  tartrate  of  antimonic  oxide  with  a  little  of  the 
mineral  acid  [)].  —  The  precipitation  of  the  antimony  by  these  three 
acids  is  seldom  complete;  and  this  circumstance  is  often  looked  upon  as 
favourable  to  Wallquist's  formula,  according  to  which  half  the  antimony 
in  the  salt  is  combined  with  potash,  and  the  other  half  with  tartaric 
acid.  According  to  this  view,  mineral  acids  should  precipitate  only  the 
atom  of  antimony  which  is  combined  with  the  potash,  and  alkalis  only 
that  which  is  in  combination  with  the  tartaric  acid.  But  with  a  due 
proportion  of  mineral  acid,  considerably  more  than  half,  often  indeed 
nearly  all  the  antimony  is  precipitated.  From  a  dilute  solution  of  100  pts. 
of  tartar-emetic,  nitric  acid  throws  down  a  basic  salt  containing  41  2  pts.» 
that  is  to  say,  nearly  the  whole  of  the  antimonic  oxide;  in  a  saturated 
solution,  nitric  acid  forms  a  slighter  precipitate,  which  continually  in- 
creases when  heated  or  simply  left  to  stand;  hence  the  filtrate  yields 
by  evaporation  a  new  precipitate;  and  the  liquid  contains,  besides  a  little 
undecomposed  tartar  emetic,  acid  tartrate  of  potash,  which,  on  heating 
the  liquid,  is  resolved,  for  the  most  part,  into  nitre  and  tartaric  aci(L 
(Schweizer,  J,  pr,  Chem.  33,  470.) 

Tartaric  added  added  to  tartar- emetic  throws  down  cream  of  tartar. 
(Geiger);  oxalic  acid  forms  a  slight  precipitate,  insoluble  in  excess  of  the 
acid.  (H.  Rose.)  —  Acetic  acid  does  not  form  any  precipitate  with  tartar- 
emetic,  according  to  Geiger  and  Schweinenberg  (Mag,  Pharm.  15,  258), 
but  according  to  N.  E.  Henry,  a  precipitate  of  cream  of  tartar  is  formed 
after  24  hours. 

Ammonia,  potash,  soda,  and  their  compounds  with  carbonic  acid, 
precipitate  the  antimonic  oxide  in  white  flakes  which  become  minutely 
crystalline.  Ammonia  renders  the  dilute  solution  very  slightly  turbid, 
and  throws  down  from  the  concentrated  solution;!  fine  grams  which  dissolve 


304         PRIMART  NUCLEUS  C8H«»:  OXYGEN-NUCLEUS  CmH^. 

but  partially  in  excess  of  ammoDia  (or,  according  to  H.  Rose,  not  at  all). 
Ammonia  renders  the  solution  of  tartar-emetic  tnrbid  in  a  few  minutes 
(immediately  if  heated),  and  throws  down  white  floocnlent  antimonio 
oxide,  the  quantity  of  which  gradually  increases;  a  considerable  portion 
however  remains  dissolved,  unless  the  ammonia  be  allowed  to  act  iu 
excess  for  several  days.  In  this  case,  43*05  per  cent,  (that  is  to  say,  the 
whole,  within  1  p.  c.)  of  the  antimonic  oxide  is  precipitated  from  the 
tartar-emetic;  and  the  filtrate  contains,  besides  a  very  small  quantity  of 
nndecomposed  tartar-emetic,  tartrate  of  potash  and  ammonia,  which,  on 
evaporation,  is  partially  converted  into  cream  of  tartar,  with  evolution  of 
ammonia.  (Schweizer.)  —  Potash  does  not  precipitate  the  more  dilute 
solution;  but  from  the  more  concentrated  solution,  it  throws  down  an 
abundance  of  white  flakes  completely  soluble  in  excess  of  the  potash.  — 
Carbonate  of  ammonia  has  no  action  on  the  solution  of  tartar-emetic; 
carbonate  of  potash  produces  a  cloud,  by  pi*ecipituting  the  oxide,  even  in 
a  solution  containing  only  1  pt.  of  tartar-emetic  to  1152  water.  —  Lime- 
water  does  not  cloud  a  solution  diluted  to  that  extent,  but  in  a  solution 
containing  1  pt.  of  tartar-emetic  to  576  water,  it  forms  a  cloud  consisting 
of  tartrate  of  lime  combined  with  tartrate  of  antimony.  All  these  pre- 
cipitates formed  by  alkalis  are  soluble  in  tartaric  acid  (Turner,  Edinb. 
Med,  and  Surg.  J.  Nr,  92,  71;  also  Kastn,  Arch.  11,  377.)  —  Carbonate 
of  ammonia  and  carbonate  of  soda  likewise  gradually  form  precipitates 
insoluble  in  excess;  but  the  precipitation  by  these  reagents,  as  well  as  by 
carbonate  of  potash,  is  very  incomplete.  (H.  Rose.)  —  While  the  solution 
of  tartar-emetic  in  pure  water  is  not  altered,  even  by  boiling,  the  solution 
in  spring-water,  which  contains  carbonate  of  lime  and  carbonate  of 
magnesia,  forms  at  15°  in  the  course  of  12  hours,  a  precipitate  of  pure 
antimonic  oxide,  and  on  boiling,  a  more  copious  precipitate  containing  a 
larger  quantity  of  antimonic  oxide,  together  with  the  carbonates  of  lime 
and  magnesia.  If  the  spring-water  be  boiled,  previous  to  adding  tho 
tartar-emetic,  till  the  whole  of  the  carbonates  of  lime  and  magnesia  are 
precipitated,  the  solution  will  no  longer  be  subject  to  decomposition. 
(Gueranger,  J.  Ckim,  mid,  4,  368  and  412.) 

Tartar-emetic  added  to  an  aqueous  solution  of  corrosive  sublimate 
forms  a  precipitate  of  calomel.  —  This  precipitate  is,  however,  mixed  • 
with  a  small  quantity  of  mercurous  tartrate;  the  solution  contains  anti- 
monious  acid.  (Orfila, «/.  (7Aim.  mid,  8,  202.)  —  When  the  bodies  are 
dissolved  in  equal  numbers  of  atoms,  and  each  in  20  pts.  of  water,  the 
mixture  deposits  on  cooling  only  the  fifth  part  of  the  corrosive  sublimate 
in  the  form  of  calomel;  but  on  ooiling  the  mixture  in  a  retort,  —  which 
does  not  cause  any  acid  to  distil  over,  —  nearly  all  the  mercury  is  pre- 
cipitated in  the  form  of  calomel;  the  liquid  filtered  therefrom  deposits 
about  \  of  the  tartar-emetic  in  crystals,  on  evaporation  and  cooling; 
and  the  mother-liquor  dries  up  to  a  yellowish  white^  translucent  gum. 
(Brandes,  Ann,  Phainn.  11,  88.) 

Infusion  of  galls  precipitates  a  somewhat  concentrated  siilntion  of 
tartar-emetic  in  thick  yellowish  white  flakes,  and  forms  a  cloud  in  a 
solution  containing  288  pts.  of  water,  but  not  in  one  which  contains  576 
pts.  (Turner.)  —  If  a  little  nitric  acid  be  added,  tho  precipitation  takes 
place,  even  with  more  dilute  solutions.  (Gueranger,  J,  Chim.  med, 
1,  371.)  —  An  excess  of  tincture  of  galls  redissolves  the  precipitate. 
(Orfila.) 

Tartar-emetic  dissolves  in  14*5  pts.  of  cold  and  in  1*9  pts.  of  boiling 
water.  (Bucholx.)     It  dissolves  in  19  pts.  at  8*7^  in  12*6  at  2V,  in 
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8-2  at  31^  in  7'1  at  37-5^  in  5'5  at  50°,  in  4-8  at  62-5^  in  3-2  at  7-5^  in 
3  at  S7'5°,  and  in  2*8  pts.  at  100°.  (Brandes.)  The  aqueous  solution 
yields  a  pulverulent  precipitate  with  alcohol. 

c.   Aeid.  —  Aeid  Tartar-emetic.  —  The    solution    of    tartar-emetic  in 
boiling  aqueous  tartaric  acid  is  evaporated  to  a  syrup,  and  then  slowly 
cooled  till  it  crystallizes,  an  effect  which  takes  place  readily.  (Knapp.)  — 
This  salt  occurs  in  the  mother-liquor  of  tartar-emetic.     When  antimonic 
sulphate  obtained  by  heating  antimony  with  sulphuric  acid  is  freed  from 
sulphuric  acid  by  treatment  with  water  and  carbonate  of  potash,  the 
oxide  dissolved   in   aqueous  cream  of  tartar,  and  the  ordinary  tartar- 
emetic  crystallized  as  completely  as  possible  from  the  solution  by  evapo- 
ration and  cooling,  a  very  acid  mother-liquor  is  obtained,  which,  when 
evaporated  to  dryness,  amounts  to  ^  to  -}-  of  the  crystals  of  tartar-emetic. 
The  residue  in  the  dry  state  is  a  transparent,  yellow-brown  gum,  and 
forms  with  water  a  thick  syrup,  which  is  decomposed  by  alcohol  into  a 
precipitate  of  ordinary  tartar-emetic  and  a  solution  of  tartaric  acid  —  is 
completely  converted  into  common  tartar-emetic  by  saturation,  first  with 
antimonic   oxide,  and  subsequently  with   potash  —  and,  on   account  of 
accidental  impurities,  does  not  yield  the  crystals  of  the  acid  salt  above 
described  till  after  standing  for  several  months,  and  sometimes  not  even 
then.  (Knapp.)  —  [If  Phillips's  statement  (p.  300),  that  the  solution  of 
antimonic  oxide  in  pure  cream  of  tartar  crystallizes  t^  the  last  drop  as 
ordinary  cream  of  tartar,  be  admitted  as  correct  —  and  it  is  fully  bomo 
out  by  the  composition   of  the  salt  —  we  cannot  help  suspecting  that 
Knapp*s  antimonic  oxide  had  not  been  completely  freed  from  sulphuric 
acid;  that  this  acid  set  free  the  tartaric  acid  from  a  portion  of  the  cream 
of  tartar,  forming  bisulphate  of  potash;  and  that  the  tartaric  acid  thus 
liberated,  together  with  a  portion  of  the  tartar-emetic,  formed  the  acid  salt 
of  the  mother-liquor:  it  is  to  be  regretted  that  this  mother-liquor  was  not 
examined  by  Knapp  for  sulphuric  acid.     The  bisulphate  of  potash  was 
probably  the  accidental  impurity  which   interfered  so  much  with  the 
crystallization].     {Vid.  also  Berzelius,  Jdhresher,  20,  173.) 

Transparent,  colourless,  oblique  rhombic  prisms,  which  effloresce  in 
the  air,  give  off  9.22  p.  c.  (5  At.)  water  at  100°,  assuming  at  the  same 
time  the  appearance  of  porcelain,  and  at  a  higher  temperature  melt  to 
a  transparent  gum.  From  their  aqueous  solution  mixed  with  hydrochloric 
acid,  iron  throws  down  all  the  antimony;  alcohol  added  to  tne  aqueous 
solution  precipitates  ordinary  tartar-emetic,  retaining  the  free  tartaric  acid. 

Dried  at  100\ 

KO 47-2  .... 

SBO» 153-0  .... 

16  C    96-0  .... 

10  H   100  .... 

22  O   1760  .... 


Knapp. 

Pclig< 

9-79    .. 

9-50 

31-73    .. 

32-10     .. 

..     31-0 

19-91     .. 

20-67     ....     191 

2-07     .. 

2-10     .. 

2-7 

36-50     .. 

35-63 

C8H<K(Sb02)O"  +  C«H«O"  ....  482*2    ....  10000    10000 

Therefore  1  At.  tartar-emetic  dried  at  100^,  with  1  At.  tartaric  add. 

d.  Compound  of  1  At,  Tartar-emetic  with  3  At  Cream  of  Taii<xr,  — 
1.  Obtained  by  leaving  a  concentrated  boiling  solution  of  1  At.  tartar- 
emetic  with  3  At.  cream  of  tartar  to  crystallise  by  cooling. — 2.  By  dissolv- 
ing I  At.  neutral  tartrate  of  potash,  1  At.  cream  of  tartar,  and  1  At.  acid 
cream  of  tartar  (c)  in  water.  (Crystals  of  eiactly  similar  character  are  obtained 
by  using  tartrate  of  potash  and  ammonia  instead  of  neutral  tartrate  of  potash.)  -^ 
TOL.  X.  X 
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d.  Bj  dividing  the  solution  of  acid  cream  of  tartar  e  into  two  parts, 
precipitating  the  antimonic  oxide  from  the  one  half  hj  adding  a  quantity 
of  carbonate  of  potash  just  sufficient  for  saturation,  and  mixing  the 
filtrate  which  contains  the  neutral  tartrate  of  potash  with  the  other  half. 

[The  eqaation  given  by  Knapp  for  this  reaction  does  not  appear  to  be  correct; 
inasmuch  as  be  supposes  that  only  2  At.  (not  3  At.)  potash  are  required  to  precipitate 
the  antiipony ;  the  mixture  will  therefore  contain  1  At.  potash  too  much.]  — .  4.   By 

dissolving  9  pts.  of  tartar  emetic  and  4  pts.  of  tartaric  acid  in  water, 
leaving  the  free  tartar -emetic  to  crystallise  out,  then  evaporating  the 
mother-liquor  to  a  syrup,  and  leaving  it  to  cool  slowly.  It  then  solidifies 
to  a  transparent,  turpentine-like  mass,  which  soon  becomes  turbid  from 
formation  of  crystalline  poiuts;  these  increase  till  the  whole  is  convened 
into  a  snow-white,  crystalline  mass,  which  is  freed  from  the  thick  mother- 
liquor  by  elutriation  with  water,  and  washed  on  the  filter  with  a  small 
quantity  of  cold  water.  (Knapp.^ 

Small  nacreous  laminsB,  which  do  not  give  off  water  even  when 
heated  in  vacuo,  dissolve  sparingly  in  water,  and  are  precipitated  from 
the  aqueous  solution  by  alcohol.  (A[napp.) 

Knapp. 

4  KO 188-8     ....    21-05     20*15 

SbO»  1530    ....     17-06    17-20 

32  C 192-0     ....     21-41     22-07 

19  H 19-0    ...      2-12    2-30 

.    43  0 3440     ....     38-36     38-28 

C8H*K(SbO»)OW  +  3C8H5KO"      896-8     ....  10000     100-00 

When  carbonate  of  potash  is  dropped  into  the  solution  of  this  salt  as 
long  as  effervescence  is  produced,  and  the  liquid  evaporated,  needle- 
shaped  crystals  are  obtained  aggregated  in  nodules  like  Wavellite,  and 
very  easily  soluble  in  water;  from  the  solution  thus  obtained,  tartaric 
acid  reprecipitutes  the  laminsd  of  the  original  salt.  [Possibly  a  compound 
of  tartar-emetic  with  neutral  tartrate  of  potash?] 

Ignited  Antimo^iiotts  acid  does  not  dissolve  in  aqueous  cream  of 
tartar  (Geiger  &  Reimann,  Ma^.  Pharm,  17,  137);  it  dissolves  very 
slowly  and  sparingly  on  boiling;  but  the  hydrate  dissolves  more  readily, 
and  the  clear  filtrate  coagulates  on  cooling,  and  leaves  a  fissured  gum 
when  evaporated.  (H.  Rose,  Pogg,  47,  339;  A.  Rose,  Fogg,  51,  170.) 

Hydrated  Antimonic  add  dissolves  in  an  aqueous  solution  of  1^  pt. 
of  tartar-emetic  (the  ignited  acid  also,  but  much  more  slowly)  forming  a 
liquid  which  has  a  saline  sweet  taste,  is  not  precipitated  by  hydrochloric 
acid,  but  yields  a  light  orange- yellow  precipitate  wiih  sulphuretted 
hydrogen  in  presence  of  hydrochloric  acid,  and  leaves  by  evaporation  a 
yellow  gum,  permanent  in  the  air  and  easily  soluble  in  water.  (Geiger 
&  Reimann,  Mag,  Pharm.  17,  128).  The  solution,  either  of  the  dry  or 
of  the  hydrated  acid,  passes  turbid  through  the  filter,  and  leaves  a  turbid 
gum  when  evaporated.  (A.  Rose.)  —  The  compound  is  amorphous,  and 
very  soluble.  (Mitscherlich,  Ann.  Chim,  Phys.  73,  396.)  — 3  pts.  of  bianti- 
moniate  of  potash  likewise  dissolve  in  4  pts.  of  cream  of  tartar,  forming 
a  rather  insipid,  sweetish,  saline  liquid  which  yields  a  copious  red-brown 
precipitate  with  sulphuretted  hydrogen  in  the  course  of  half  an  hour, 
and  leaves  a  yellowish  gum  when  evaporated.  (Geiger,  N,  Tr,  3, 1,  460.) 
The  solution  of  biantimoniate  of  potash  in  tartaric  acid  is  thiokish, 
passes  slowly  through  the  filter,  forms  with  sulphuretted  hydrogen  a 
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jellow  precipitate,  torning  yellowish  red  in  %  few  hours,  and  learea  a 
viscid  gum  when  evaporated.  (J.  A.  Buchner,  £epni,  66, 171.) 

By  digesting  1  pt.  of  nitrum  emtimonii  (It.  360),  1  pt.  of  hormeie  acid,  and  2  pts. 
of  crtam  qf  tartar,  then  filtering  and  evaporating,  a  gam  is  obtained.  (Bergman.) 

Sodio-antimonk'TaHrate,  —  Soda  Tartar  emetic,  —  The  preparation  is 
similar  to  that  of  ordinary  tartar-emetic.  Prisms  belonging  to  the  right 
prismatic  system.  Fu^,  75,  together  with  a  p-fiuse,  and  also  a  «-faoe  at 
the  hack  between  n  and  n;  y  :  y  behind  =  85^  20^;  y:  mas  137®  W 
nearlj.  (Prevostaye.)  —  The  crystals  heated  to  220**  in  a  dry  stream  of 
air  ^ive  off  8*4  p.  c.  water;  they  absorb  moisture  from  the  air.  (Dumas 
ft  Piria.) 

CryetaU.  Dumas  &  Fiiis. 

NaO 31-2    ....      9-59 

8bO" 153-0     ....  47-05 

8  C  480    ....  14-76 14-5 

5  H 5-0    ....       1-54     1-6 

11  O 88-0    ....    27-06 

C?H*Na(Sb02)0W  +  Aq 825-2    ....100-00 

Lithio^fUimonic  Tartrate,  —  Transparent  jelly  in  which  small  priams 
form  after  a  considerable  time.  (L.  A.  fiuchner.) 

Barytjo-arUimonic  Tartrate,  —  Tartar-emetic.  (Wallqnist.)  Crystal- 
line laminsB,  which  give  off  8*21  p.  c.  water  in  a  stream  of  dry  air  at  100^ 
(Dumas  &  Piria.) 

DrUd  at  250<».  Dumas  &  Piria. 

BaO  76-6  ....  22*29 

SbO" 1530  ....  44-53 

8C   48-0  ....     13-97    13-19 

2  H  2-0  ....      0-58    066 

8  O  64-0  ....  18-63 

C'H'BaSbOis  343-6    ....  100-00 

CryetaU.  Dumas  &  Piria. 

BaO  76-6    ....  20-18  19*85 

SbO» 158'0    ....  40-31 

8C   48-0    ....  12-64  11-74 

6  H  6-0    ....  1-58  1*72 

12  O   960    ....     25-29 


C»H*K(SbO»)OM  +  2Aq 379-6     ....  100-00 


Damas  &  Puria  explain  the  defidenoy  of  carbon  by  the  drcamstaaoe  tbat  the  bsiyta* 
in  spite  of  the  presence  of  antimonic  oxide,  still  retains  carbonic  acid  at  a  red  beat; 
they  suppose  the  crystals  to  contain  \  At.  HO  more  than  the  quantity  calculated  in 
the  preceding  table. 

StrcfOw-afitrnMixc  Tartrate.  —  On  mixing  the  hot-saturated  0olatie]is  of 
1  At.  tartar-emetic  and  1  At.  nitrate  of  strontia,  a  crystalline  precipitate 
is  formed,  which  is  washed  with  hot  water,  in  which  it  is  nearly  insolable, 
and  then  dissolved  in  cold  aqueons  nitrate  of  strontia  (which  takes  op 
more  of  it  than  cold  water);  this  solution,  when  gradnally  heated  to  100  , 
deposits  the  salt  in  small  prisms,  which  searoely  gire  off  i  p.  c  water 
at  210<'  in  6  hours.  (F.  Kessler,  Foffg.  15,  410.) 

X  2 
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CnfMtak.  Kesiler. 

SrO  52  ....  15-43  15-26 

SbO» 153  ....  45-40  4525 

C?HH)»  132  ....  3917  39*22 

C8H«Sr(SbO»)0" 337      ..  100-00     99*73 

Str<>ntia-arUinumio  Tartrate  toUh  y Urate  qfStrontia,  —  1  pt.  of  nitrate 
of  strontia  is  digested  for  some  time  at  30°  to  35°,  with  2  pts.  of  water 
and  an  excess  of  finely  pulverised  strontio-antimonic  tartrate,  the  solution 
filtered  at  20°,  and  left  to  evaporate  in  the  air.  —  The  large,  somewhat 
efflorescent  crystals  thus  obtained  give  off  the  whole  of  their  water, 
amounting  to  18'43  per  cent,  at  200  ,  and  at  a  stronger  heat  burn  away 
suddenly  with  a  glimmering  light,  and  without  blackening,  leaving  a 
porous  mass,  which  continues  to  glow  for  some  time  in  the  interior. 
They  are  not  altered  by  immersion  in  cold  oil  of  vitriol,  dissolve  with 
noise  in  warm  oil  of  yitriol,  and  then  give  off  carbonic  oxide,  and  subse- 
quently nitric  oxide  gas  without  any  colouring,  but  afterwards  becomes 
brown  and  ffive  off  sulphurous  acid.  They  dissolve  readily  in  cold  water; 
and  the  solution  when  heated  deposits  crystals  of  strontio-antimonic 
tartrate,  which  do  not  redissolve  completely  on  cooling,  even  after  a 
considerable  time.  (Kessler.) 

Cry9tid$.  Kefsler. 

2  SrO  104  ....  18-87  1913 

SbO» 153  ....  27-77  28-02 

C«H<O»0  132  ....  23-96  23*92 

NO»  54  ....  9-80 

12  HO  108  ....  19-60  18-43 


C»H*Sr(SbO«)0«,SrO,NO»  +  Aq 551  ....  10000 

Catcvo-antinumic  Tartrate,  —  By  precipitating  a  lime-salt  with  tartar- 
emetic.     The  precipitate  ha«  the  composition  of  the  latter.  (Wallquist.) 

Anttmonto-uranie  Tartrate,  —  When  the  cold  aqueous  solutions  of 
tartar-emetic  and  uranic  nitrate  are  mixed  together,  the  light  yellow 
gelatinons  precipitate  dissolved  in  hot  water,  and  the  resulting  solution 
slowly  cooled;  it  immediately  yields  crystals;  but  if  quickly  cooled,  it 
yields  at  first  an  amorphous  precipitate,  which  however  changes  after 
a  while  to  yellow-needles  having  a  silky  lustre  and  united  in  radiated 
groups.  The  same  crystals  are  obtained  by  mixing  the  hot  solutions  of 
3  pts.  tartar-emetic  and  1  pt.  uranic  nitrate,  and  leaving  the  mixture  to 
cool.  The  air-dried  crystals  give  off  in  vacuo  over  oil  of  vitriol, 
11-76  per  cent.  (7  At.  for  6?]),  and  at  200°  in  a  dry  stream  of  air, 
without  any  alteration  of  the  acid,  18-83  p.  c.  (11  At.  [or  10?])  in  all; 
at  210°,  the  salt  suffers  no  further  loss,  but  emits  a  faint  odour  of  burnt 
sugar;  the  salt  dried  in  vacuo  gives  off  at  200°  in  a  stream  of  dry 
carbonic  acid  gas,  795  p.  c.  (4  At.),  then  at  242^  with  browning  and 
an  odour  of  caramel,  2  p.  a,  and  at  270°,  with  deeper  brown  colour,  an 
additional  quantity  of  water;  but  there  still  remains  a  certain  quantity 
of  hydrogen,  which  escapes  in  the  fonn  of  water  when  the  residue  is 
ignited  in  a  glass  tube.  There  remains  a  mixture  of  charcoal,  uranons 
oxide,  and  antimony,  which,  even  when  quite  cold,  takes  fire  in  the  air 
and  bums  with  great  splendour.  —  The  salt  dissolves  in  hot  water  with 
fine  yellow  colour,  but  separates  out  almost  completely  on  cooling,  so 
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that  the  mixture  heoomes  nearly  colourless.   (Peligot^  JT.  Ann*  Chim* 
Fhys  12,  466;  also  J.  pr.  Chem.  35,  157.) 

DHed  at  200^  Peligot. 

U»0»   144  ....  35-04 

SbO»  153  ....  37-22 

8  C 48  ....  11-68    11-56 

2  H    2  ....  0-49     0-70 

8  O    64  ....  15-57 

C»H«(U«0«)(SbO«)0«>  ....  411    ....  100-00 
Therefore  like  common  tartar-emedc  dried  at  200^  (p.  300). 


CryttoU  dried  in  vacuo, 

U«0»   144 

SbO»  153 

8  C 48 

....     o£'a»     ..I 
....     34-23    ... 
....     10-73    ... 

....         I'Ov      ..< 

....     21-48     .. 

Peligot 

32*3 

.....     9o*7 
ll'O 

6H 6 

12  O 96 

21-7 

C»H\UH)«)(8bO»)0"  +  2Aq 447 

Airmdried  Gysiah. 
U20> 144 

....  100-00    ... 
....    28-74    

•••.      OU  94      ..... 

....      9-58    

....       2-40    

....     *o*74     .... 

1000 

Peligot. 
...    28*30 

SbO» 153 

8  C   48 

...     30-30 
9*64 

12  H  12 

...       2  45 

18  O  144 

...     29*31 

C8H*(U«0»)(Sb(y)0"  +  2 Aq 501     ....  100-00    100-00 

Peligot  supposes  the  air-dried  crystals  to  contain  1  Aq.  more. 

Telluric  Tartrate.  —  The  solution  of  tellurio  oxide  in  the  aqueous 
acid  dries  up  bj  spontaneous  evaporation^  to  a  transparent,  colourless 
mass,  T^hich  has  a  radiated  crystalline  structure,  and  dissolves  readily  in 
water,  forming  a  solution  which  is  not  precipitated  by  alkalis,  borax, 
molybdate  of  ammonia,  tell  urate  of  soda,  or  infusion  of  galls.  (Berzelius.) 
Snow-white  needles,  having  a  sweet  metallic  taste  and  nauseating  action. 
(Kolreuter,  Schw,  62,  216.) 

Potassio-f^lluric  Tartrate,  —  Telluric  oxide,  its  hydrate,  and  tellurio 
acid,  which  is  thereby  reduced  to  the  oxide,  dissolve  when  digested  in 
aqueous  tartar-emetic.  The  solution  deposits  a  large  quantity  of  cream 
of  tartar  when  evaporated,  and  then  dries  up  to  a  transparent  gum.  This 
residue,  when  treated  with  cold  water,  becomes  opaque  from  separation 
of  telluric  oxide,  but  redissolves  completely  when  heated,  without  depo- 
siting anything  on  cooling.  (Berzelius.) 

Bismuth Tc  Tartrate.  —  Precipitated  on  adding  tartaric  acid  to  sul- 
phate, hydrochlorate,  or  nitrate  of  bismuth,  in  the  form  of  a  white  crys- 
talline meal  insoluble  in  water.  (Gren,  in  his  LeArlntch,)  —  Bismuth-salts 
are  not  protected  from  precipitation  by  potash  by  the  presence  of  tartaric 
acid.  (Ii.  Rose.) 

H,  On  adding  a  hot  concentrated  aqueous  solution  of  4  pts.  tartaric 
to  a  hot  concentrated  of  5  pts.  bismuthic  oxide  (BiO')  in  nitric  acid,  the 
solution  remains  clear  while  hot,  but,  on  cooling,  deposits  neutral  bis- 
muthic tartrate  in  small  shining  crystals^  which  collect  on  the  sides  of 
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the  refisel,  in  very  solid  white  orvsts.  As  soon  M  the  separation  of  these 
crystals  is  complete,  the  clear  liquid  most  be  decanted,  and  the  salt 
washed  on  a  filter  for  a  considerable  time,  with  a  cold  dilute  aqueous 
solution  of  tartaric  acid  mixed  with  a  little  nitric  acid,  then  strongly 
pressed  between  paper,  and  dried  at  a  gentle  heat.  The  air-dried  salt 
gives  off  9*12  p.  c.  (5  At)  water  at  100**.  (R.  Schneider,  Fog^.  88,  55,) 

JMed  mt  100^.  Schneider. 

2BiO> 474  ....  63-38  52-42 

24  C   144  ....  16-21  16-77 

12  H  12  ....  1-35  1-39 

30  O  240  »...  27-03  27-16 

2H0 18  ....  203  2-26 

tBlO»,3C8H*OM  +  Aq 888    ....  leO'OO    10000 

Air-dried*  Schneider. 

2Bi<y    474  ....  48-46 

3  C8H*0M> 396  ....  40-49 

12  HO 108  ....  llOft     11-22 

2Bi08,3C8H*OW  +  6Aq 978    ....  10000 

When  the  preceding  ult  is  immersed  in  hot  water,  and  potash  added  in  small 
quantities^  a  white  turbiditj  is  first  produced,  but  afterwards,  on  the  addition  of  more 
potash,  a  clear  solution  which  does  not  become  turbid  when  mixed  with  more  water  or  with 
potash.  On  mixing  this  solution  with  a  solution  of  potassto-stannons  tartrate  prepared  in 
a  similar  manner  (p.  31 1),  there  are  formed,  either  at  ordinary  temperatures  or  on  boiling, 
according  to  tb«  degree  of  concentration,  double  salts  of  bismuthons  oxide  (BiO^, 
stannic  oxide,  and  tartaric  add,  which,  in  presence  of  a  sufficient  quantity  of  water, 
dissolve  in  a  slight  excess  of  potash,  forming  dark  brown  liquids.  From  these  com* 
pounds,  the  bismuthooa  oxide  is  not  precipitated  by  direct  treatment  with  oaustie  potash. 
By  the  addition  of  certain  salts,  e.  g.,  carbonate  or  sulphate  of  soda,  or  chloride  of 
sodium,  to  the  slightly  alkaline  solutions  of  these  double  salts,  brown  compounds  of 
stannic  oxide  and  bismuthous  oxide  are  precipitated,  either  at  ordinary  temperatures  or 
on  boiling,  which  appear  to  contain  essentially  1  At.  SnO*  to  1  At.  BiU*.  If  a  solution 
of  sesquioxide  of  tin  be  used  instead  of  the  protoxide,  a  similar  eomponnd  is  farmed 
containing  2  At.  SnO'  to  1  At.  BiO^.  From  these  compounds  of  stannic  and  bismnthoas 
oxides,  the  former  oxide  is  completely  separated  by  potash,  only  when  they  have  not 
been  precipitated  at  a  boiling  heat.  (Schneider.)    f . 

PotasnO'higmtUhic  Tartrate,  -  —  Cream  of  tartar  is  hoiled  with  water 
and  excess  of  hydrated  hismuthic  oxide,  obtained  by  digesting  Mofftsterium 
BiantUhi  with  potash;  the  clear,  somewhat  Tiscid  filtrate,  which  is  not 
clouded  by  water,  but  forms  a  cloud  with  the  stronger  mineral  acids, 
evaporated  over  the  water-bath;  and  the  heavy  white  crystalline  powder 
which  settles  down,  collected.  This  powder  is  decomposed  bj  water, 
and  yields  an  acid  filtrate  free  from  bismuth^  which  is  turbid  at  first, 
hut  becomes  clear  after  a  while.  (A.  Schwaraenberg,  Ann,  I^harm. 
ei,  244.) 

Dried  at  100*".  Schwarzenberg. 

KO 47-2  ....  11-86  12-22 

BiO»    287-0  ....  59-52  5894 

8C 480  ....  1205  1216 

2  H 20  ....  0-50  0-59 

8  0 64-0  ....  16-07  1609 

C'H'K(BiO»)0» 398-2    ....  100-00    100-00 

Analogoai  tlierelbre  to  tartar-eneitie  dried  at  200*  (p.  800.) 
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Tartrate  of  Zinc.  -^iJThe  aqneons  acid  acts  upon  xinc  with  evola- 
tion  of  hydrogen,  and  forms  a  sparingly  soluble  salt.  (Bergman.)  — 
Concentrated  solutions  of  neutral  tartrate  of  potash  and  sulphate  of 
zinc  yield  immediately,  and  dilate  solutions^  after  some  hours,  a  white 
crystalline  meal,  which  appears  to  contain  3  At.  oxide  to  1  At.  acid. 
(Schindler,  Mag.  Fkarm.  SS,  63.)  On  mixing  the  hot  concentrated 
solutions,  a  yellowish  white  crystalline  meal  is  obtained;  the  cold  dilute 
solutions  gradually  yield  small  crystals.  The  salt  dissolves  but  very 
slowly  in  water,  whether  hot  or  cold,  readily  however  in  cold  potash  or 
soda.  The  alkaline  solution  when  boiled,  deposits  zinc-oxide  in  combi- 
nation with  the  carbonic  acid  which  existed  in  the  caustic  potash-ley; 
absolute  alcohol  precipitates  from  it  an  uncrystallizable  syrup  soluble  in 
water.  Aqneons  carbonate  of  soda  digested  with  tartrate  of  zinc,  gives 
off  carbonic  acid,  but  does  not^  dissolve  a  trace  of  zinc.  (Werther.) 
[Probably  basic  carbonate  of  zinc  and  tartrate  of  soda  are  formed  ]  —  Th« 
salt  when  subjected  to  dry  distillation,  leaves  a  carbonaceous  residue,  which 
may  be  set  on  fire  with  a  red-hot  coal,  and  bams  away  with  a  glimmering 
light,  leaving  oxide  of  zinc.  (Bottger.) 

Zinc-salts  mixed  with  tartaric  acid  remain  precipitable  by  potash. 
(H.  Rose.)  [Only  however  when  heated.] 

Ihrtrate  of  Zinc  and  Fotassium.  ^^  a.  When  cream  of  tartar  is 
digested  with  excess  of  zinc  or  its  oxide,  a  gummy  mass  is  obtained, 
which  has  a  faint  taste,  deposits  a  white  powder,  and  dries  up  to  a 
yellowish  translucent  gum.  —  6.  With  a  larger  proportion  of  cream  of 
tartar,  small  yellow  crystals  are  obtained,  having  a  harsh  metallic  taste. 
(Lassone,  CrelL  N.  Enid.  2,  115.)  The  compound  is  not  precipitated  by 
pure  alkalis  or  alkaline  carbonates^  but  yields  a  precipitate  with  sulphu- 
retted hydrogen.  (Thenard.) 

Tartrate  of  Cadmium.  —  Slender  needles,  woolly  to  the  touch,  and 
scarcely  soluble  in  water.  (Stromeyer.)  —  John  {BerLJahrb,  1820,  376)» 
distinguishes  a  baaic  salt  insoluble  in  water;  a  neutral  salt,  which  is  very 
sparingly  soluble  in  water,  insoluble  in  alcohol,  and  crystallizes  in  hard 
granules;  and  an  add  salt,  which  dissolves  in  water  and  alcohol,  and 
separates  in  radiated  crystals.  —  The  residue  obtained  by  dry  distillation, 
benaves  like  that  of  the  zinc-salt.  (Bottger.) 

Stannous  Tartrate.  —  The  concentrated  solutions  of  protochloride 
of  tin  and  neutral  tartrate  of  potash  yield  a  whitish  yellow  powder, 
which  does  not  dissolve  in  water,  even  when  hot,  but  dissolves  in 
aqueous  potash  or  soda,  and  is  precipitated  by  alcohol,  in  the  form  of  a 
yellowish  white,  gummy,  uncrystallizable  ma^.  (Werther.)  —  The  resi- 
Gue  of  the  dry  distillation  behaves  like  that  of  the  zinc-salt.  (Bottger.) 
—  Stannous  salts  mixed  with  tartaric  acid  are  no^  precipitated  by  caustic 
alkalis  or  alkaline  carbonates.  (H.  Rose.)  Hence  the  addition  of  cream 
of  tartar  to  tin-mordants  which  are  mixed  with  an  alkali  (Berzelius.) 

Fotasaich stannous  Tartrate.  —  Obtained  by  boiling  oxidised  tin  with 
cream  of  tartar.  Easily  soluble  ;  not  precipitated  by  alkalis  or  their 
carbonates.  (Thenard.) — %.  1  pt.  of  crystallized  protochloride  of  tin 
and  3  pts.  of  tartaric  acid,  dissolved  in  a  sufficient  quantity  of  hot  water, 
and  oirefully  mixed  with  caustic  potash  till  the  liquid  becomes  neutral, 
form  a  clear,  colourless  solution,  which  may  be  boiled  and  mixed  with  an 
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indefinite  quantity  of  water,  without  becoming  tarbid;  the  white  preci- 
pitate which  fomiB  in  this  solution  by  addition  of  a  little  more  potash^ 
and  especially  on  boiling,  is  redissolved  by  a  still  farther  addition  of 
potash.  (R.  Schneider.  Fogg.  88,  59.)  %. 

Tartrate  of  Lead.  —  Obtained  by  precipitating  nitrate  or  acetate 

of  lead  with  tartaric  acid.  —  With  tartrate  of  potash  and  neutral  acetate  of  lead« 
a  precipitate  is  formed  containiog  acetic  acid,  (vuf.  iitf.)  —  Also  by  precipi- 
tating a  hot  solution  of  tartrate  'of  lime  with  neutral  acetate  of  lead,  and 
filtenng  at  a  boiling  heat.  (Casselmann.)  —  White  crystalline  powder, 
of  sp.  gr.  3*871.  (H.  Rose,  Fogg.  33,  48.)  The  salt  precipitated  by 
tartaric  acid  from  neutral  acetate  of  lead,  and  dried  in  the  air,  gives  off 
but  a  trace  of  hygroscopic  water  at  120°.  (Berzelius,  Ann.  Chim.  94,  176; 
Fogg.  19,  306.)  By  dry  distillation,  it  gives  off  0*2  p.  c.  of  pyrotartaric 
acid,  besides  empyreumatic  oil  and  acetic  acid.  (Gruner.)  When  boiled 
with  water  and  peroxide  of  lead  or  manganese,  it  is  decomposed,  with 
formation  of  formiate  of  lead.  (Persoz,  Campt.  rend.  11,  522.)  It  dis- 
solves, with  evolution  of  heat,  in  potash  or  soda-ley,  and  alcohol  throws 
down  from  the  solution,  a  mass  which  collects  in  lumps  and  dries  up  to 
a  fine  crystalline  meal.  (Werther.)  Its  solution  in  ammonia  deposits, 
when  boiled,  a  compound  of  4  At.  lead-oxide  with  1  At.  acid.  (Erdmann, 
Ann.  Fharm.  21,  14.)  It  dissolves  in  sal-ammoniac  (Brett),  and  in  warm 
nitrate  or  succinate  of  ammonia,  imperfectly  in  the  carbonate.  (Witt- 
stein.)  It  is  nearly  insoluble  in  water.  Dissolves  readily  in  aoueous 
nitric  or  tartaric  acid.  The  latter  solution  does  not  become  turbid  on 
addition  of  alcohol,  and  when  evaporated,  deposits  nothing  but  the 
neutral  salt.  (Erdmann.) 

Dried  at  lOO'.  Berseliut.    Thomson.    Bucholz.  Th^nard.  S!!^* 

inann. 

2PbO 224     ....     62-92     ...     62*74     ....     62-5C     ....     63     ...     66     ....     62-3 

8C 48     ....     13-49     ....     13-57     ....  ....  ...  ...     13*5 

4  ri  •         4     '.,.«         1  1£      ....         1*1^      ....  ....  ..,,  ....         1*0 

10  0 80     ....     22-47     ...     2257     ...  ....     227 

C«H^Pb«0»«    356    ....  10000    ....  lOO'OO  100-0 

By  digesting  5  pts.  of  litharge  with  2  pts.  of  neutral  tartrate  of  pot- 
ash dissolved  in  water,  tartrate  of  lead  and  caustic  potash  are  obtained. 
(Karsten,  Sch€7\  J.  5,  594.) 

When  2  At.  neutral  acetate  of  lead  and  1  pt.  neutral  tartrate  of  pot- 
ash, are  mixed  together  in  aqueous  solution,  a  precipitate  is  formed, 
consisting  of  a  mixture  of  about  9  pts.  of  lead-oxide  and  2  pts.  of  sex- 
basic  acetate  of  lead,  while  the  supernatant  liquid  is  acid,  and  still 
contains  tartaric  acid,  so  that  it  is  still  capable  of  forming  a  preci- 
pitate with  neutral  acetate  of  lead.  (Geiger,  Bepert.  9,  176.)  — Bolle 
(JBr.  Arch.  20,  1),  obtained  similar  results.  The  precipitate  obtained 
with  various  proportions  of  the  materials,-  and  washed  with  boiling 
water,  contained,  besides  tartrate  of  lead,  small  quantities  of  sex- 
basic  acetate  of  lead  and  cream  of  tartar;  and  the  filtrate  contained, — 
besides  acetate  of  potash — free-acetic  acid  which  could  be  sepa- 
rated b^  distillation,  a  small  quantity  of  neutral  tartrate  of  potash, 
and  oxide  of  lead  [probably  dissolved  in  the  form  of  tartrate  hy  the 
acetic  acid].  —  Werther  prepared  his  tartrate  of  lead  by  precipitating 
the^  acetate  or  nitrate  of  lead  with  neutral  tartrate  of  potash,  and  obtained 
it  in  the  form  of  a  white,  dry,  soft  powder,  which  contained  56.97  p.  c. 
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lead- oxide,  an<l  gave  off  8*24  p,  c.  water  at  200^     This  was  probably  an 
impure  salt  of  similar  nature. 

A  lead-salt  mixed  with  tartaric  acid,  and  at  the  same  time  with  a 
sufficient  quantity  of  nitric  acid  to  prevent  the  precipitation  of  tartrate 
of  lead,  is  not  precipitated  by  alkalis.  (H.  Rose.) 

TaHraU  of  Lead  and  Ammonium.  —  Tartrate  of  lead  dissolves  readily 
and  abundantly  in  an  aqueous  solution  of  neutral  tartrate  of  ammonia; 
the  concentrated  solution  solidifies^  after  a  while,  to  a  stiff  jelly. 
(Wohler.) 

Tartrate  of  Lead  and  Pota^ium* -^  Cie&m  of  tartar  boiled  with 
oxide  of  lead  yields  an  insoluble  salt,  which  is  not  decomposed  either  by 
.alkalis  or  by  sulphates.  (Th^nard.) 

TaHrate  of  Lead  and  Chromium,  —  Blue  potassio-chromic  tartrate 
added  to  acetate  of  lead,  throws  down  a  bluish-green  powder.  (Berlin.) 

Tartrate  of  Lead  and  Antimony,  —  The  precipitate  obtained  in  the 
cold  with  tartar-emetic  and  neutral  acetate  of  lead,  and  dried  in  the  air^ 
gives  off  8*84  p.  c.  (4  At.)  water,  when  heated  to  100°  in  a  steam  of  dry 
air;  and  at  200°,  at  which  point  decomposition  begins,  11  '7  p.  c.  (6  At.) 
in  all.  The  precipitate  obtained  with  hot  solutions  has,  after  drying  in 
the  air,  the  same  composition  as  the  precipitate  obtained  in  the  cold  and 
dried  at  100°;  it  gives  off  4*81  p.  c.  (2  At.)  water  between  220°  and  230°. 
(Dnmas  &  Piria.)  2  At.  water  go  off  even  at  190°,  and  the  residue 
suspended  in  alcohol  and  decomposed  by  sulphuretted  hydrogen,  yields 
nothing  but  tartaric  acid;  if,  however,  this  residue  be  decomposed  by  a 
small  quantity  of  oil  of  vitriol,  and  exhausted  with  alcohol,  the  solution 
saturated  with  carbonate  of  baryta,  and  the  filtrate  evaporated,  a  small 
quantity  of  a  baryta-salt  is  obtained  =  BaO,C*HO*  [  =  C*H»Ba«0^^ 
corresponding,  therefore,  to  tartaric  anhydride].  (Berzelius,  Fogg*  47 
818.) 

The  precipitate  obtained  from  hot  eolutiom,  Damai  & 

dried  at  230^  Piria. 

PbO 112  ....  2955 

SbO" 153  ....  40-37 

8  C  48  ....  12-66     12-77 

2  H  2  ....       0-53     0-58 

8  O  64  ....  16-89 

C8H«Pb(SbO«)0»o    379    ....  100-00 

The  $ame,  air-dried.  Dumas  &  Piria. 

PbO 112  ....  28-21 

SbO»   153  ....  38-54 

8  C 48  ....     12-09     12-20 

4  H 4  ....       1-01     M3 

10  O 80  ....  2015 

C8H*Pb(SbO«)0«    397     ...  100-00 

Fbsrous  Tartrate.  —  a.  Anhydrous?  —  1.  Obtained  by  mixing  a 
warm  aqueous  solution  of  ferrous  sulphate  with  tartaric  acid.  (Retzius.) 
According  to  Retzius,  the  salt  is  deposited  as  the  liquid  cools.  According 
to  Bolle  (JV.  Br.^Arch.  37,  33),  on  the  contrary,  it  is  deposited  when  the 
solution  is  heated.  In  a  cold  saturated  aqueous  solution  of  4  pts.  ferrous 
sulphate,  3  pts.  of  tartaric  acid  dissolve  clearly;  but  each  time  the  liquid 
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18  heated,  and  especially  on  boiling*,  a  large  qnantity  of  ferrons  tartrate  is 
precipitated  in  the  form  of  a  bluish  white  powder,  which  disanpears 
almost  completely  on  each  application  of  heat,  while  ferrous  sulphate 
crystallizes  out.  The  mixture,  after  dilution  with  water,  must  therefore 
be  boiled,  the  precipitate  collected  on  the  filter  while  hot,  and  washed 
with  boiliug  water.  By  this  process,  the  4  pts.  of  ferrous  sulphate  yield 
0-42  pt.  of  precipitate.  When  1  pt  of  ferrous  chloride  is  mixed  with 
2  pts.  of  neutral  tartrate  of  potash,  part  of  the  powder  is  precipitated, 
even  in  the  cold,  the  rest  on  boiling;  in  all  1  pt. 

According  to  Retzius,  the  anhydrous  salt  forms  lamime;  according  to 
Bolle,  an  apple-green  powder  containing  no  water  of  crystallization,  and 
leaving  4006  to  4062  ferric  oxide  when  burned.  According  to  Dulk,  it 
is  a  white,  non-crystalline  powder,  which  contains  no  water,  bat  dissolrea 
in  1  ]  *27  pts.  of  cold  water. 

By  precipitating  ferrous  sulphate  with  neutral  tartrate  of  potash,  a 
pale  green  powder  is  obtained,  which  becomes  spotted  with  ml-brown 
during  washing,  and  dissolves  very  readily  in  aqueous  alkalis,  forming  a 
liquid  which  oxidises  quickly  on  exposure  to  the  air.  (Werther.) 

b.  HydraUd.  —  Iron  filings  or  iron  wire  is  immersed  in  aqueous  tar- 
taric acid  contained  in  a  flask  provided  with  a  gas-delivery  tube,  the 
precipitated  pulverulent  salt  separated  from  the  iron  by  elutriation,  and 
washed  with  a  small  quantity  of  water.  (Bucholz,  Ure,  N.  Quart. «/.  6, 
388.^  — White  powder  containing  1 3  p.  c.  water  (15  p.  o.  would  be  4  At.), 
soluole  in  426  pts.  of  cold  and  402  pts.  of  boiling  water.  (Bucholz.)  It 
tastes  slightly  ferruginous,  does  not  oxidise  readily  in  the  air,  takes  firs 
at  a  dull  red  neat,  and  burns  away  like  tinder,  leaving  a  residue  of  ferric 
oxide.  (Ifre.)  By  dry  distillation,  it  gives  off  carbonic  acid  aud  olefiant 
gases,  and  leaves  a  mixture  of  charcoal  and  ferrous  oxide  (without 
metallic  iron,  inasmuch  as  it  does  not  evolve  hydrogen  from  hydrochloric 
acid),  which,  when  exposed  to  the  air  after  complete  washing,  takes  fire 
quickly,  and  bums  away  with  a  glimmering  light,  leaving  ferric  oxide  of 
a  fine  red  colour.  (Botti^er.) 

Ferrous  sulphate  mixed  with  tartaric  acid  Is  not  precipitated  by  alkalis 
or  their  carbonates,  and  forms  with  ammonia  a  dark  green  liquid,  which^ 
when  exposed  to  the  air,  slowly  turns  yellow  from  formation  of  ferric 
salt.  (H.  Rose.)  On  boiling,  however,  the  iron  is  completely  precipitated 
by  potash.  (Wackenroder,  N.  Br,  Arch,  21,  67.) 

Ferrtc  Tabtrate.  —  Obtained  by  dissolving  recently  precipitated 
ferric  hydrate  in  aqueous  tartaric  acid,  at  a  temperature  not  exceeding 
25°.  (Werther,  Wittstein,  Jiepert.  86,  362;  92,  2.)  —  Ferric  hydrate 
while  still  moist  dissolves  easily,  but  after  drying,  scarcely  at  all  in  the 
cold  acid  and  very  sparingly  in  the  boiling  acid^  with  partial  reduction 
to  ferrous  oxide  (recognizable  by  the  formation  of  prussian  blue  with 
ferricyanide  of  potassium)  and  evolution  of  carbonic  acid.  (Werther.)  — 
The  solution  evaporated  below  50°,  whereby  an  inconsiderable  reduction 
is  produced,  leaves  an  amorphous  mass  which  yields  a  dingy  yellow 
powder,  and  consists  of  2Fe*0',  3C®H*0".  On  boiling  the  solution,  the 
sesquioxide  of  iron  is  partly  reduced  to  protoxide,  and  a  basic  salt  is 
precipitated,  while  free  acid  remains  in  solution,  together  with  a  small 
quantity  of  the  sesquioxide.  (Wittstein.)  The  solution  is  not  precipitated 
by  alkiuis;  bnt  when  mixed,  first  with  potash  and  then  with  alcohol,  it  is 
resolved  into  a  wine-red  syrup,  and  a  supernatant  liquid  of  a  lighter 
colour.  (Werther.)     Sulphuretted  hydrogen  passed  through  a  solution  of 
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the  salt  snpeTsatuated  with  annnonia,  throws  down  all  the  iron.  (H.  Rose.) 
Concentrated  solutions  of  neatral  tartrate  of  potash  mixed  in  proper 
proportion  with  ferric  sulphate,  deposit  sulphate  of  potash ;  and  the 
l>Iood-red  filtrate  yields  with  alcohol  containing  in  solution  a  large  quantity 
of  tartaric  acid  with  a  trace  of  ferric  oxide,  a  viscid  precipitate  whicn 
dries  up  to  a  brittle  mass,  melts  at  85^,  glimmers  away  in  the  fire,  with 
a  pale  flame  and  faint  odour  of  caramel,  and  is  insoluble  in  water,  but 
redissolves  in  aqueous  tartaric  acid,  forming  a  blood-red  liquid.  (Ure.) 

FerroW'ferric  Tartrate.  —  When  recently  precipitated  ferric  hydrate 
18  digested  with  aq aeons  tartaric  acid,  21-2  pts.  at  most  of  the  dry 
oxide  dissolve  in  63  3  pts.  of  the  crystallised  acid  [1  At.  in  some- 
thing less  than  2  At].  On  boiling  and  evaporating  this  solution, -f  of 
the  ferric  oxide  is  reduced  to  ferrous  oxide  without  evolution  of 
carbonic  acid  (at  least  according  to  Werther),  formic  acid,  or  any 
other  volatile  acid,  and  without  formation  of  oxalic  acid;  oxygen  gas 
must  therefore  be  evolved  Fl].  During  this  boiling  and  evaporation,  a 
lemon-yellow  powder  is  likewise  deposited.  If,  however,  the  whole  be 
evaporated  to  dryness  at  once,  there  remain  85  pts.  of  a  mass  producing 
a  greenish  yellow  powder,  permanent  in  the  air,  and  containing,  when 
dried  between  60°  and  70°,  3-36  p.  c.  FeO,  21  50  Fe*0',  6475  C"H*0»% 
and  therefore  10 '30  Aq.  It  decomposes  quietly  in  the  fire,  without 
melting,  and  leaves  38  p.  c.  of  ferric  oxide.  To  alcohol  and  ether  it 
gives  up  only  a  little  tartaric  acid,  and  is  resolved  by  boiling  with  water 
luto  a  lemon-yellow  powder,  amounting  to  58*8  per  cent.,  and  a  pale 
yellow  liquid,  which  is  aqueous  tartaric  acid,  but  still  contains  in  solution 
a  small  quantity  of  the  lemon-yellow  powder.  (Wittstein.) 

The  lemon-yellow  powder  does  not  appear  crystalline  under  the 
microscope;  it  is  tasteless,  and  in  the  undecomposed  state  does  not  redden 
litmus.  It  contains  470  p.  c.  FeO,  3225  Fe»0*,  and  62*30  <7H*0'^(lo88 
075.)  It  is  decomposed  in  sunshine,  with  formation  of  ferrous  salt,  and 
acquires  the  power  of  reddening  litmus;  and  when  exposed  to  the  sun 
under  water,  is  completely  dissolved,  forming  a  colourless  liquid  which 
contains  nothing  but  ferrous  salt.  It  is  not  altered  by  ammonia;  with 
potash-ley,  it  forms  a  black-brown  solution  which  is  completely  decom- 
posed at  a  gentle  heat;  with  warm  aqueous  carbonate  of  potash,  it  forms 
a  dark  brown  solution  which  becomes  turbid  by  continued  boiling.  It 
dissolves  in  nitric  acid  without  colour,  in  hydrochloric  acid  with  yellow 
colour.  The  latter  solution  forms  with  ammonia  a  clear  brownish  yellow 
mixture;  with  potash,  a  clear  black-brown  mixture,  which  is  completely 
precipitated  on  heating;  and  with  carbonate  of  potash,  a  dark  mixture, 
which,  when  boiled,  slowly  deposits  all  the  iron,  the  more  slowly  as  it 
is  more  concentrated.  In  cold  tartaric  acid  the  powder  dissolves  slowly, 
in  hot  tartarie  acid  quickly,  with  greenish  yellow  colour.  Hot  acetic 
acid  dissolves  only  a  trace;  alcohol  and  ether,  none.  (Wittstein,  Repert-, 
86,  362.) 

Ferrocyanide  of  potassium  added  to  a  solution  of  nentrai  ferrio 
tartrate,  tnrows  down  prussian  bine;  but  if  an  excess  of  tartaric  acid  is 
present,  it  forms  a  clear  blue  liquid,  which  when  evaporated,  leaves  a 
dark  bine  residue,  soluble  in  water.  —  Prussian  blue  recently  precipitated 
from  ferric  sulphate  does  not  dissolve  in  tartaric  acid;  but,  if  ammonia 
be  then  gradually  added,  it  becomes  violet,  amethyst-red,  rose-red,  and 
finally  white  (ammoniacal  pmssian  blue,  vii.  445)  ;  it  is  then  turned  blue 
by  tartaric  acid,  and  again  white  by  ammonia.     The  wbite  body  remains 
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T^hite  when  exposed  to  the  air  under  water,  bnt  becomes  blae  only 
drying.  If,  on  tne  other  hand,  tartrate  of  ammonia  be  immediately  added 
to  the  blue  precipitated  mixture  of  ferric  sulphate  and  ferrocyanide  of 
potassium  (and  not  the  acid  and  ammonia  in  succession),  the  prussian 
blue  dissolves  with  splendid  violet  colour.  (Galloud,  N,  J[  Fkarm, 
10,  182;  also  «/.  pr.  fikem,  39,  227.)  —  Prussian  blue  alone  likewise 
dissolves  immediately  in  a  cold  aqueous  solution  of  neutral  tartrate 
of  ammonia.  (Monthiers^  iV.  «/.  Fharm.  9,  263;  also  J.  pr,  CAem^ 
38,  173.) 

Ammonia-ferric  Tartrate,  —  The  dark  brown  solution  of  recently  pre- 
cipitated ferric  hydrate  in  hot  aqueous  tartrate  of  ammonia,  leaves,  when 
evaporated  over  the  water-bath,  shining,  dark  brown  scales,  exhibiting 
a  garnet-red  translucence,  —  or  else  a  granular  mass.  The  residue 
consists  of  NH*,Fe*0*,C''H*0^^  -J-  4  to  5  Aq.  It  dissolves  in  somewhat 
more  than  its  own  weight  of  water.  The  solution  is  not  altered  by 
several  hours'  boiling,  but  alcohol  precipitates  the  salt  from  it.  (Procteri 
Amer.  J.  of  Pharmr,  abstr.  JV.  J,  Fharm,  1,  414.) 

Fotassio-fen'ous  Tart)*ate,  —  By  digesting  1  pt.  of  iron- filings  with 
4  pts.  cream  of  tartar,  and  with  water  out  of  contact  of  air.  Greenish 
white  needles  having  a  harsh  taste,  sparingly  soluble  in  water,  not 
precipitated  by  alkalis  or  their  carbonates,  but  yielding  a  precipitate 
with  sulphuretted  hydrogen. 

Fotassio-ferric  Tartrate,  —  Ferric  hydrate  is  digested  at  50®  or  60® 
with  water  and  cream  of  tartar  for  24  to  36  hours,  the  mixture  being 
shaken  now  and  then,  and  the  residue  evaporated  on  plates  in  the 
drying  chamber  at  a  gentle  heat.  Sbining,  black-brown  scales,  ruby- 
coloured  by  transmitted  light;  the  salt,  even  below  130°,  gives  off  water 
and  carbonic  acid,  part  of  the  sesqui oxide  of  iron  being  at  the  same  time 
reduced  to  protoxide;  and  the  residue  dissolves  in  water,  with  separation 
of  a  small  quantity  of  black  ferruginous  matter.  The  solution  of  the 
salt  deposits  when  boiled,   nearly  colourless  tartrate  of  ferrous  oxide 

J  and  potash?]     (Soubeiran  &  Capitaine,  J,  Fharm,  25,  738;  also  Ann* 
^harm,  34,  204.) 

Dried  at  100».  Soubeiran  & 

Capitaine, 

KO    47-2     ....     18-21     18-6 

Fe^C 80-0     ....     30-86    30*8 

C8H*0W 1320    ....     50-93 

C8H<K(Fe202)0« 2592     ....  10000 

To  this  salt  belong,  for  the  most  part,  the  Tartarus  chalybeatus  or 
Mars  Boluhilis,  and  the  Glchuli  martiales  of  the  pharniacopoeas,  prepared 
by  heating  cream  of  tartar  and  water,  either  with  ferric  hydmte,  or  with 
iron  filings  in  a  vessel  exposed  to  the  air.  These  preparations,  however^ 
as  Wackenroder  has  shown,  always  contain  a  considerable  quantity  of 
ferrous  salt,  inasmuch  as,  in  the  first  mode  of  preparation,  part  of  the  ferric 
oxide  is  reduced  by  the  hot  tartaric  acid,  and  in  the  second,  the  iron  is 
but  imperfectly  oxidized  by  the  air.  These  preparations  consist  of  a 
very  sparingly  soluble  portion,  which,  according  to  the  mode  of  ope- 
rating, appears  to  consist  of  basic  ferric  tartrate,  potassio-ferrous  tartrate, 
or  ferrous  tartrate,  and  of  an  easily  soluble  portion,  which  is  chiefly 
potassio-ferric  tartrnte,  but  appears  always  to  contain  in  addition  potassio- 
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ferrous  tartrate  (rendered  soluble  in  water  by  the  medium  of  the  ferric 
8  alt),  and  sometimes  also  neutral  tartrate  of  potash. 

1.  With  Ferric  Hydrate  and  Cream  of  Tartor.  — When  the  hydrate 
is  boiled  for  some  time  with  water  and  cream  of  tartar,  the  liquid  evapo- 
rated to  an  extract,  the  extract  dissolved  in  water,  the  solution  filtered 
from  the  insoluble  portion,  and  again  evaporated,  a  dark  green  mass  is 
obtained,  which  yields  a  yellow-green  powder.  It  dissolves  readily  in 
water.  The  clear  yellow-green  solution  reddens  litmus  strongly,  and 
when  mixed  with  hydrochloric  acid,  forms  a  copious  blue  precipitate, 
both  with  ferrocyanide  and  with  ferricyanide  of  potassium.  The  preci- 
pitate produced  by  the  ferrocyanide  is  about  three  times  as  copious  as 
that  formed  by  the  ferricyanide.  The  tartaric  acid  has  therefore  reduced 
a  portion  of  the  sesquioxide  of  iron  to  protoxide.  It  forms  with  am- 
monia a  clear  brown  mixture,  which  does  not  become  turbid,  even  when 
boiled,  but  when  heated  with  a  small  quantity  of  hydrochloric  acid, 
deposits  a  rusty-coloured  matter,  which  redissolves  in  a  larger  quantity 
of  the  acid.  The  clear  dark  brown  mixture  formed  with  potash  remains 
clear  while  cold  (as  observed  by  Wenzel  and  H.  Rose),  but  on  boiling 
deposits  all  the  iron  in  the  form  of  dark  brown  ferroso-ferric  hydrate. 
With  carbonate  of  soda  it  assumes  a  greenish  brown  colour;  with 
phosphate  of  soda,  dark  brownish  green,  without  becoming  turbid  when 
boiled;  but  a  small  quantity  of  acetic  acid  afterwards  added,  throws 
down  all  the  iron  as  a  greenish  white  powder;  a  small  quantity  of  hydro- 
chloric acid  also  added  after  the  phosphate  of  soda,  forms,  especially 
when  the  liquid  is  heated,  a  thick  precipitate  of  ferric  phosphate;  and  if 
acetate  of  soda  be  likewise  added,  the  whole  of  the  ferric  oxide  is  preci- 
pitated on  boiling  in  the  form  of  phosphate,  and  the  whole  of  the  ferrous 
oxide  remains  in  solution,  also  as  phosphate.  Sulphuretted  hydrogen 
forms  a  black  precipitate  with  the  solution,  but  does  not  throw  down  all 
the  iron.  Infusion  of  galls  forms  a  dark  blue  precipitate.  (Wackenroder, 
N.  Br.  Arch.  21,  G5,)  The  soluble  salt  slowly  forms  with  ferrocyanide 
of  potassium  a  scanty  white  precipitate,  which  gradually  turns  blue 
(J.  A.  Buchner,  Repert.  6,  289),  but  on  addition  of  a  small  quantity  of 
acid,  it  yields  immediately  a  copious  blue  precipitate.  (Fuchs,  Repert. 
9,  214.)  With  sulphuretted  hydrogen  and  tincture  of  galls,  it  gives  the 
ordinary  precipitates.  (Buchner.) 

By  boiling  about  1  pt.  of  ferric  hydrate  with  4  pts.  of  cream  of 
tartar  and  with  water,  then  filtering  and  evaporating  to  dryness,  a  dark 
green  or  yellowish  brown,  uncrystallisable,  resinous  mass  is  formed, 
having  a  sweetish  ferruginous  ta^te.  —  By  boiling  1881  pts.  (1  At.)  of 
cream  of  tartar  with  a  quantity  of  ferric  hydrate  containing  82 '8  pts. 
(a  littlo  more  than  1  At.)  of  anhydrous  ferric  oxide,  and  with  water, 
a  sohible  and  an  insoluble  compound  are  obtained,  which  may  be  sepa- 
rated by  filtration.  —  The  insoluble  compound  amounts  to  only  18  pts., 
contains  68  p.  c.  ferric  oxide,  no  potash,  and  may  be  regarded  as  basic 
ferric  tartrate.  The  soluble  compound  amounts,  when  evaporated  to 
dryness,  to  242  pts.;  has  the  appearance  of  a  brown  brittle  resin,  trans- 
parent, with  greenish  yellow  colour  in  thin  sheets;  yields  a  brown 
greenish  yellow  powder,  which  the  moisture  of  the  air  again  hardens  to 
a  solid  mass;  has  a  pure  but  mild  ferruginous  taste;  and  reddens  litmus. 
The  brown-yellow  aqueous  solution,  like  all  the  following  examined  by 
Wittstein,  is  completely  precipitated,  with  blue  colour,  by  ferricyanide  of 
potassium,  also  by  boiling  with  potash,  with  separation  of  dark  brown 
ferroso-ferric  hydrate,  (Wittstein;  «e  hU  analysis,  a,  p.  319.) 
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2.  With  Iron  and  Crmm  ttf  Tartar . — When  1  pt.  of  iron  filings  w 
digested  with  4  pts.  of  cream  of  tartar  and  with  water  in  an  open  yeeael, 
hydrogen  gas  is  evolved  at  first,  and  a  white  granular  mass  formed, 
which  is  slightly  soluhle  in  water,  consists  chiefly  of  potassio-ferroua 
tartrate,  and  when  exposed  for  some  weeks  to  the  action  of  the  air, 
assisted  hy  constant  stirring,  is  converted  into  a  hrown  pitchy  mass, 
consisting  chiefly  of  potassio-iferric  tartrate,  but  always  containing  a  little 
of  the  ferrous  salt.  On  dissolving  this  mass  in  water,  the  excess  of  iron 
filings  remains  behind,  and,  according  to  Wittstein,  some  iron-black  pro- 
duced therefrom,  together  with  potassio-ferrous  tartrate,  and  any  tartrate 
of  lime  that  may  have  been  contained  in  the  cream  of  tartar;  while  the 
filtered  solution  leaves  on  evaporation,  a  brown  mass  consisting  of  a 
large  quantity  of  potassio-ferric  and  a  small  quantity  of  potassio-ferrous 
tartrate. 

The  solution  of  this  mass  is  dark  brown,  has  a  fiunt  taste,  slightly 
sweetish,  with  an  alkaline  character,  and  almost  imperceptibly  ferru- 
ginous. Sulphuric,  hj'drochloric,  nitric,  or  acetic  acid,  added  m  small 
quantity,  precipitates  pure  ferric  hydrate,  and  the  filtrate  tastes  slightly 
acid  and  strongly  ferrnginoos;  tartaric  acid  precipitates  cream  of  tartar 
from  it  (Geiger,  Mag,  Pharm,  7,  262.) 

If  the  mass  be  redissolved  in  water  and  filtered  as  often  as  any 
insoluble  matter  [potassio-ferrous  tartrate!]  remains  behind,  and  the 
filtrate  finally  evaporated,  a  dark  brownish  green  mass  is  obtained, 
which  sweUs  up  strongly  when  ignited,  and  deliquesces  in  the  air.    (Dulk. 

Analysis  b,) 

When  iron  filings  are  digested  for  a  short  time  with  cream  of  tartar, 
the  resulting  solution  has  a  strong  acid  reaction;  after  longer  digestion 
the  acid  reaction  is  but  slight,  but  the  proportion  of  the  protoxide  to  the 
sesquioxide  remains  about  the  same.  The  solution  exhibits  exactly  the 
same  reactions  as  that  which  is  prepared  with  ferric  oxide  and  cream  of 
tartar  (p.  317),  especially  in  being  completely  precipitated  by  potash  on 
boiling.  (Wackenroder.) 

The  portion  of  the  resulting  mass  which  is  sparingly  soluble  in  water 
is  ferrous  tartrate ;  the  easily  soluble  portion  blues  reddened  litmus,  aind 
becomes  moist  on  exposure  to  the  air*  (fioutron  Charlurd,  J,  Fkamu 
9,  590.) 

Alcohol  added  to  the  aqueous  solution  throws  down  a  viscid  mass, 
and  the  nearly  colourless  filtrate  contains  a  very  small  quantity  of  iron. 
(Ure.) 

After  1  pt.  of  iron  filings  has  been  digested  for  a  week  with  4  pts.  of 
cream  of  tartar,  nearly  i  of  the  iron  is  found  unaltered.  The  insoluble 
portion  of  the  resulting  salt  is  ferrous  tartrate  mixed  with  a  very  small 
quantity  of  potassio-ferrous  tartrate;  if,  however,  the  action  of  the  air 
has  been  continued  for  a  longer  time,  the  product  gives  the  analysis  c.  — 
The  portion  soluble  in  water,  which  is  the  larger  of  the  two,  exhibits, 
after  evaporation,  the  appearance  of  a  black,  shining,  brittle  mass,  which 
becomes  moist  on  exposure  to  the  air,  and  has  a  mild,  saline,  sweetish, 
ferruginous  taste;  when  this  mass  is  dissolved  in  water,  a  small  portion 
of  the  insoluble  salt  still  remains  behind.     Analysis  d.  (Wittstein.) 

In  a  second  similar  experiment,  ^  of  the  iron  filings  remained  unat- 
tacked,-but  at  the  same  time  ^  of  the  iron  was  converted  into  iron-black. 
The  black  watery  filtrate  left  more  than  2  pts.  of  a  bhick  shining  maas^ 
which,  after  being  three  times  dissolved  in  water  and  filtered  from  the 
insoluble  portion  (the  analysis  of  which  is  given  nnder  e),  left  a  black 
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BhiniBg  mass,  having  a  greenish  transluoence,  absorbing  a  small  quantity 
of  moisture,  yielding  a  greenish  brown  powder,  and  havinfi;  a  sweetish 
ferruginous  tastej  the  analysis  of  this  residue  is  given  under  /.  (Witt- 
stein.) 

.  If  iron  reduced  from  the  oxide  by  hydrogen  be  used,  and  the  mass 
subsequently  digested  in  water,  there  remains  a  greyish  white  mixture 
of  iron-black  and  ferrous  tartrate  free  from  potash;  and  the  dark  greenish 
brown  filtrate,  which  has  a  sweetish,  ferruginous,  and  saline  taste,  and 
reddens  litmus  slightly,  leaves  on  evaporation  a  black  residue,  which 
yields  a  greyish  brown  powder,  deliquesces  to  a  thin  paste  on  exposure 
to  the  air,  dissolves  completely  in  water,  and  gives  the  analysis  g, 
(Wittetein.) 

Wittstcin.  Dalk.  Wittstdn.  Wittslein. 

At.  a.  At.        h.  At.         e.  At.        d, 

KO    4  ....  19-30  4  ....  30-97  6  ....  14'58  7  ...  2862 

PcO  1  ....     404  7  ....  12-73  1  ....     292 

Fe^O* 3  ....  24-38  1  ....  12'78  6  ....  24*86  2  ....  1009 

C8H*0» 4  ....  52-69  3  ....  5625  7  ....  4783  6  ....  5837 

100-41  10000  100-00  100-00 

WittBtein.  Wittsteln.  Wittstein. 

At.        tf.  At.         /.  At.        g, 

KO    6  ....  20-61  8  ....  2602  8  ....  34-06 

FteO  1  ....     2-59  1  ....    3-99 

Fe?0» 6  ....  33-84  3  ....  17-00  1  ....     557 

C^HW^    5  ....  45-55  6  ....  5400  5  ....  57*25 

100-00  99*61         *  100-87 

[The  fttomie  numbers  prefixed  to  the  percentages  are  bnt  very  rough 
approximations. 

According  to  this,  the  salt  a  is  a  mixture  of  1  At.  C'H^KFeO^',  and 
3  At.  C"H*K(FeO«)0";  in  salt  6,  Dulk  probably  overlooked  the  ferrous 
oxide;  salt  c  is  not  easy  to  designate;  d  appears  to  be  a  mixture  of 
1  At.  C«H*KFeO«,  2  At.  C«H*(Fe»0»)0»  and  2  At.  C*H*K>0»;  e,  which 
appears  to  contain  a  basic  salt,  is  difficult  to  make  out;  /  should  be 
a  mixture  of  1  At.  C»H*KFeO»  1  At  C«H*K(FeO»)0«  and  3  At. 
C^H^K'O'*].  —  Wittstein  gives  different  calculations,  because  in  each  of 
the  compounds  analysed,  he  supposes  all  the  potash,  ferrous  oxide,  ferric 
oxide  and  acid,  to  be  united  into  a  single  salt. 

According  to  Semmola  (BtrzeLivA  Johretber,  24,  217),  the  compound 
of  1  At.  potassio- ferrous  tartrate  with  1  At.  potassio- ferric  tartrate  is 
green  and  difficultly  soluble,  and  when  exposed  to  the  air,  passes  into  the 
black,  easily  soluble  compound  containing  2  At.  ferric  salt. 

When  iron  filings  are  digested  in  an  open  vessel  with  an  aqueous 
solution  of  neutral  tartrate  of  potash,  an  alkaline  liquid  is  obtained,  — a 
proof  that  the  oxidised  iron  sets  potash  free.  (Boutron  Charlard.) 

Recently  precipitated  ferric  hydrate  dissolves  readily,  without  evolu- 
tion of  gas,  in  aqueous  neutral  tartrate  of  potash,  forming  a  red  solution; 
but  after  having  been  dried  for  some  time,  it  dissolves  only  after  long 
boiling,  and  with  slight  evolution  of  gas.  (Werther.) 

If  tartrate  of  potash  contains  iron  in  solution,  the  iron,  in  presence  of 
carbonate  of  potash,  requires  a  very  large  excess  of  hydrosulphate  of 
potassium  to  precipitate  it  completely,  but  is  readily  precipitated  if  the 
carbonate  of  potash  be  decomposed  by  an  acid.  (Blumenau,  Am%.  Fkarm. 
67, 125.) 
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Tartrate  of  Cobalt.  —  Red,  crjstallisable.  (Greu.)  —  GobaUrsalts 
mixed  with  tartaric  acid  are  not  precipitated  by  alkalis  or  their  carbo- 
nates. (H.  Rose.) 

Shrtrate  of  Cobalt  and  Potassium.  —  Large  rhomboidal  crystals. 

Tartrate  of  Nickel.  —  When  the  boiling  aqueons  acid  is  saturated 
with  the  hydrated  oxide  or  carbonate  of  nickel,  this  salt  is  precipitated  in 
grodisb  white  flakes,  having  a  faint  metallic  taste  (Tupputi);  as  a 
siskin-green  crystalline  powder.  (Werther.)  By  dry  distillation,  it 
leaves  a  black,  very  soft,  non-pyrophoric  powder.  (Bottger.)  It  is 
scarcely  soluble  in  water,  either  hot  or  cold  (Werther),  but  dissolves  in 
tartaric  acid.  (Tupputi.)  Nickel-salts  in  presence  of  tartaric  acid  are 
not  precipitated  by  alkalis  or  alkaline  carbonates.  (H.  Rose.) 

Tartrate  of  Nickd  and  Potassium.  —  Obtained  by  boiling  carbonate  of 
nickel  with  aqueous  cream  of  tartar.  Gummy;  not  crystallisable;  ex- 
tremely sweet ;  easily  soluble.  (Wohler.) 

Tartrate  of  nickel  dissolves  readily  in  warm  aqueous  potash  or  soda, 
and  on  boiling  also  in  carbonate  of  soda,  with  evolution  of  carbonic  acid, 
forming  a  liquid  which  solidifies  to  a  pulp  on  cooling.  The  solution  in 
caustic  alkalis,  which  has  a  fine  green  colour,  yields  no  crystals  by 
evaporation,  but  a  whitish  green  gelatinous  deposit,  which  is  not  deprived 
of  all  its  potash  or  soda  by  washing  with  cold  water,  and  dissolves  but 
slowly  on  boiling.  The  supernatant  liquid  is  turbid,  passes  milky  through 
the  filter,  and  leaves  a  gummy  mass  by  spontaneous  evaporation.  With 
alcohol,  the  green  solution  solidifies  to  a  jelly.  (Werther.) 

A  cold  aqueons  solution  of  neutral  tartrate  of  potash  or  soda  dissolves 
but  a  small  quantity  of  hydrated  oxide  of  nickel,  forming  a  neutral  liquid 
which  does  not  crystallise.  (Werther.) 

CupRic  Tartrate. — a.  Neutral,  —  1.  Obtained  by  saturating  the 
heated  acid  with  cupric  oxide.  (TrommsdorfF.)  The  salt  separates  as 
soon  as  the  acid  is  nearly  saturated.  (Werther.) — 2.  By  precipitating 
acetate  of  copper  with  tartaric  acid,  (TrommsdorfF,)  or  sulphate,  or  chlo- 
ride. (Bergman,  Opusc,  3,  456.)  —  3.  By  precipitating  nitrate  or  sulphate 
of  copper  with  neutral  tartrate  of  potash,  (V.  Rose,  Werther,)  or  with 
cream  of  tartar.  (Planche,  J,  Pharm,  12,  362.) 

Whitish  blue  powder  (V.  Rose,  Trommsdorif );  light  green  powder, 
appearing  under  the  microscope  to  consist  of  tables  (Werther);  blue 
crystals  (Bergmann);  green  crystals  (Planche).  —  The  powder  gives  oflT 
all  its  water  at  100°,  and  becomes  greenisb  white.  (Werther.)  It  then 
yields  by  dry  distillation,  acetic  acid,  pjrrotartaric  acid,  and  an  empy- 
renmatic  oil  of  agreeable  odour  (Gruner),  and  leaves  a  dark  brown  mass, 
which,  when  set  on  fire  in  the  air  by  a  red-hot  coal,  bums  away  and 
leaves  oxide  of  copper  (Bottger).  The  salt,  when  heated  in  the  air, 
swells  up,  blackens,  gives  out  a  faint  odour,  and  leaves  metallic  copper 
(Planche),  which  then  bums  and  forms  37*31  p.  c.  oxide  of  copper. 
(Trommsdorff.)  —  Bright  iron  immersed  in  the  aqueous  solution  becomes 
covered,  first  with  a  black,  and  afterwards  with  a  brown-black  film  of 
copper-iron.  (Wetzlar,  8chw,  50,  96.) 

It  dissolves  in  1715  pts.  of  cold,  and  310  pts.  of  boiling  water 
(Werther);  is  insoluble  in  cold  water,  but  dissolves  in  more  than  1000 
pts.  of  boiling  water,  forming  a  nearly  colourless  liquid^  which  becomes 
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turbid  on  cooling.  (Trommsdorff.)     It  dissolyee  in  cold  nitric  acid,  but 
is  insolable  in  tartaric  acid.  (Planche.) 

CryMtaUme*  Dumas  &  Firia« 

2CuO   80    ..„    30-08     29-8 

8  C 48     ....     18-04     18-2 

10  H    10    ....      3-76    3-8 

16  0 128     ....    48*12    48-2 


C"H*Cu«0»+6Aq 266    ....  100-00    100-0 

Or :  Werthcr. 

2CuO    80  ....  3008  ....     29-67 

0»H*Oi« 132  ....  49-62 

6  HO 54  ....  20-30     20-13 


C8H*Ctt»0»+6Aq 266     ....  100-00 


Potamo^upric  ^ar^ro^.^- Obtained  bj  boiling  the  oxide  (Thenard) 
or  carbonate  of  copper  (Trommsdorff),  with  aqneoos  cream  of  tartar 
Bine,  sweet-tasting  crystals  (Thenard).  The  dark  blue  solution  deposits 
metallic  copper  when  evaporated,  and  leaves  an  amorphous  residue, 
1  pt.  of  which  boiled  with  3  pts.  of  cream  of  tartar  and  with  water, 
^riekds  a  green  solution,  from  which,  by  evaporation,  green  crystals  are 
obtained,  together  with  a  precipitate  of  copper.  10  pts.  of  neutral 
tartrate  of  potash,  dissolved  in  water,  likewise  take  up  only  1  pt.  of 
tartrate  of  copper,  and  the  blue  solution  deposits  metallic  copper  when 
evaporated,  but  nothing  crystalline.  (Trommsdorff.)  Jron  immersed  in 
the  aqueous  solution  of  this  salt  is  not  coppered  over,  even  on  boiling; 
but  silver  in  contact  with  the  iron  becomes  coated  with  copper  at  a 
boiling  heat.  (Wetzlar.) 

Cupric  tartrate  forms  with  potash-ley  a  dark  blue  solution,  from 
which  alcohol  throws  down  a  crystallizable  donble  salt.  (Planche.)  When 
mixed  with  alcohol,  it  separates  into  a  dark  blue  oily  layer,  and  a  super- 
natant, thin,  pale  blue  liquid.  (Werthei.) 

Cupric  tartrate  dissolves  in  2*5  pts.  of  carbonate  of  potash  (dissolved 
in  water),  forming  a  deep  blue  liquid,  which^  when  evaporated,  deposits  a 
red  powder  of  copper,  a  yellowish  powder  of  hydrated  cuorous  oxide, 
and  a  powder  proceeding  itom  decomposition  of  the  acid,  ana,  ultimately, 
leaves  a  dark  blue,  pulverizable,  amorphous  mass.  This  mass  does  not 
become  damp  on  exposure  to  the  air,  and  is  insoluble  in  alcohol,  but 
dissolves  in  warm  water,  forming  a  splendid  blue  liquid,  which  gives  no 
precipitate  with  ammonia  or  potash,  a  light  blue  precipitate  with  baryta- 
water,  lime-water,  and  neutral  acetate  of  lead,  and  with  sulphuretted 
hydrogen  a  brown  precipitate  of  sulphide  of  copper.  (Trommsdorff.) 

Cupric  salts  mixed  with  tartaric  acid  form  a  clear  sky-blue  mixture 
with  carbonate  of  potash. 

From  the  solution  of  cupric  tartrate  in  soda-ley,  alcohol  throws  down 
thick  flakes,  which  dry  up  to  a  li^ht  blue  powder,  and  dissolve  very 
readily  in  water,  forming  a  liquid  which,  when  evaporated,  deposits 
cuprous  oxide,  becomes  thick  and  gummy,  and  ultimately  leaves  a 
greenish  black,  amorphous  mass.  (Werther.) 

Cupric  tartrate  is  nearly  insoluble  in  cold  dilute  carbonate  of  soda; 
but  in  a  boiling  solution  of  that  salt,  it  dissolves  with  violent  evolution 
of  carbonic  acid,  and  forms  a  deep  blue,  perfectly  neutral,  liquid.  (If  the 
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boiling  be  too  long  continued^  a  small  quantity  of  euprons  oxide  is  pre- 
cipitated.) This  liquid,  evaporated  first  over  the  water-bath^  then,  after 
filtering  from  the  cuprous  oxide,  in  vacuo,  or  over  sulphuric  acid  within 
a  receiver  containing  air,  yields  small  tabular  crystals,  united  in  warty 
masses,  of  a  fine  blue  colour,  dissolving  with  the  same  colour  in  water, 
and  with  peculiar  fEusility  in  warm  water.  The  neutral  solution  turns 
green  when  boiled  for  some  time,  but  on  cooling  deposits  cuprous  oxide 
and  recovers  its  blue  colour;  it  is  not  precipitated  by  alkalis,  but  the 
mixture,  after  standing  fbt  Some  time,  deposits  cuprous  oxide  and  a 
black  carbonaceous  substance.  Alcohol  precipitates  the  salt  from  its 
aqueous  solution  in  the  form  of  a  light  blue  powder.  In  the  formation  of 
these  crystals,  3  At.  cupric  tartrate  appear  to  decompose  with  4  At. 
soda  into  2  At.  of  the  crystals  and  1  At.  tartrate  of  soda;  but  the  mother- 
liquor,  which  is  coloured  brown  from  partial  decomposition,  does  not 
yield  the  latter  salt.  (Werther.) 

Blue  iahUt.  Werthor. 

NaO 31-2  ....  d-01 9-ld 

3CuO 1?00  ....  S4-66  83-88 

C«H*0»  132-0  ....  38-15  38»31 

1  HO 63-0  ....  18-20  18-65 

2CttO,C8H<NaCuO»+7Aq.>    3462     ....  lOOOO    9992 

Mercurous  TARTtiATfi.  —  1.  When  1  pt.  of  mercurous  oxide  la 
heated  with  2  pis.  of  tartaric  acid  dissol  vea  In  water,  -  the  temperature 
being  ultimately  raised  to  75^  the  solution  deposits  white  crystalline 
scales  on  cooling,  but  a  considerable  quantity  of  mercury  remains  dis- 
solved. (Harff.  ir,  Afxh,  5,  26.9.)  The  greater  part  of  the  mercnrous  oxide  ti, 
however,  resolved  into  metallic  mercary  ftnd  mercuric  oiide.  (Burckhardt.)  —  2.  By 
precipitating  a  dilute  solution  of  mercurous  nitrate  with  free  tartaric 
acid.  (Burckhardt,  N,  Br,  Ar<A.  ll,  257.)  —  3.  By  triturating  together 
the  crystals  of  mercurous  nitrate  and  neutral  tartrate  of  potash,  with 
addition  of  water  (H.  Rose,  Pogg,  53,  127,)  or  by  mixing  the  aqueous 
solutions  of  the  two  salts.  (V.  Rose,  Carbonell,  &  Bravo,  J.  Chim.  mid. 
7,  161.)  The  precipitate  remains  suspended  at  ordinary  temperatures, 
but  is  immediately  deposited  on  heatin?  the  liquid.  (Werther.)  —  The 
precipitate,  after  being  washed  with  cold  water,  must  be  dried  in  the 
dark. 

Soft^  whitCi  shining  needles  or  scales,  or  white  cl'ystalline  powder^ 
having  a  metallic  taste.  The  salt  contains,  according  to  Burckhardt, 
72*45,  according  to  HarflT,  74*07  p.  c.  mercurous  oxide.  When  exposed 
to  light,  it  turns  yellow,  grey,  and  black  (at  least  when  it  i&  moist.  Harf.) 
It  intumesces  strongly  in  the  fire,  giving  off  acetic  acid,  (but  no  formic,) 
and  leaving  charcoal.  When  heated  with  potassium,  it  decomposes  with 
fire,  but  withont  noise.  (Burckhardt.)  When  boiled  with  water,  it  does 
not  dissolve,  hot  turns  greyish,  from  reduction  <5f  metal,  the  wafer  at  the 
same  time  taking  up  a  small  quantity  of  mercuric  salt.  (H.  Rose.)  Potash 
or  soda  immediately  separates  mercurous  oxide  from  it  (Werther.)  —  In 
boiling  concentrated  sulphuric  acid,  it  dissolves  completely,  with  dark 
brown  colour,  in  the  dilute  acid  partially.  It  dissolves  readily  in  nitrio 
acid,  even  when  dilute;  with  boiling  hydrochloric  acid  it  forms  a 
small  quantity  of  corrosive  sublimate.  It  dissolves  readily,  especially 
while  still  moist,  in  concentrated  acetic  acid  and  in  aqueous  tartaric  aci<]^ 
but  not  in  water,  alcohol,  or  ether.  (Burckhardt) 
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• 
Mbbovxio  Tartrate. -^1.  Mercuric  oxide  is  digested  with  the 
aqueous  acid,  and  the  resulting  white  powder  separated  from  the  un- 
altered oxide  by  leviffation.  (Burckhardt.)  —  2.  Mercuric  acetate  ^or 
nitrate,  according  to  Wertber,}  is  precipitated  bj  the  free  acid  or  its 
soda-salt.  (Burcknardt.)  —  When  merottric  nitrate  is  precipitated  by  an  alkaline 
tartrate,  the  precipitate  is  contaminated  with  a  baaic  nitrate.  (Burckhardt.)  —  White, 
very  light  powder,  havin?  a  metaUio  taste.  (Burckhardt.)  —  Yellowish 
white  fine  grains.  (Werther.)  At  100",  the  salt  <iontains  58*45  |>.  c. 
inercuric  oxide  (Burckhardt),  60*50  p.  c.  (Harfi*.)  It  does  not  blacken 
by  exposure  to  light.  When  heated,  it  blackens,  swells  up,  and  is 
riBsolted  into  carbonic  acid,  empyrenmatic  acetic  acid,  mercury,  and 
charcoal.  When  heated  with  potassium,  it  decomposes  with  noiseless 
fire.  (Burckhardt.)  Caustic  potash  separates  from  the  salt,  a  reddish- 
black  mixture  of  merourio  and  mercurous  oxides  (Werther),  yellow  mer- 
curie  oxide.  (Harff.)  It  is  nearly  insoluble  in  cold  oil  of  vitriol,  but 
dissolFCS  with  brown  colour  in  boiling  oil  of  Titriol.  It  dissolves  readily 
in  dilute  nitric  acid,  in  strong  acetic  acid,  and  in  tartaric  acid,  forming 
liqnids  which  are  not  precipitated  by  ammonia^  carbonate  of  ammonia, 
potash,  or  soda*  It  does  not  dissolire  in  water,  alcohol,  or  ether,  even 
at  a  boiling  heat  (Burckhardt)  It  dissolves  very  shingly  in  pure 
water,  but  abundantly,  and  with  precipitation  of  corrosive  sublimate,  in 
ifater  containing  sal-ammoniac,  together  with  eommon  salt  (Mialhe.) 

£<mo  Amm<mio-mereitrout  TaHmte,'^a*  WhiU.  —  The  eolntioii  of 
merourons  tartrate  is  supersaturated  with  ammonia,  and  filtered  from  the 
scanty  grey  precipitate;  the  excess  of  ammonia  which  had  held  the  basic 
salt  in  solution,  driven  off  from  the  filtrate  by  gentle  evaporation;  this 
budo  salt  free4  from  nitrate  and  tartrate  of  ammonia,  by  washinf^  with 
a  small  quantity  of  oold  water,  and  dried  over  the  water-bath  in  tho 
dark.  —  White  powder,  of  saline  metallie  taste.  Blackens  quickly  when 
exposed  to  light.  When  heated,  it  gives  off  carbonic  acid,  empyreu* 
matic  ammoniacal  vapours,  and  mercury,  and  leaves  a  trace  of  charcoal. 
It  is  not  altered,  even  by  immersion  in  boiling  potash  or  soda.  It  dis"* 
solves  in  eold  oil  of  vitriol,  in  hot  nitric  and  in  strong  aeetie  acid.  It 
does  not  diasoive  in  water,  either  hot  or  cold,  but,  especiaUy  while  stiU 
moist,  in  an  aqueous  solution  of  pure  ammonia^  or  of  nitrate  or  iartzata 
of  ammonia,  (burckhardt.) 

h.  Bkuk.  —  Mercurous  tartrate  suspended  in  water,  treated  with 
ammonia,  and  washed,  yields  when  driea  a  black  tasteless  powder,  which 
contains  86*27  p.  c.  mercurous  oxide;  yields  globules  of  mercury  when 


and  is  insoluble  in  water,  alcohol,  and  ether.  (Harff.) 

Ammomo-mercwric  Tartrate.  — a.  Biuic,  —  a.  Mercuric  tartrate  sus- 
pended in  water  is  decomposed  by  ammonia,  then  washed  and  dried  in 
the  shade.  White  powder  having  a  metallic  tuste.  It  contains  77'85  p.  c. 
mercuric  oxide.  When  ignite<^  it  gives  off  ammonia,  mercury,  a.nd 
oxygen  gas  [  !  1  ],  and  leaves  charcoal.  When  boiled  for  some  time  with 
water,  it  turns  yellow.  With  potash  it  assumes  a  yellow  colour,  and 
^ives  off  ammonia.  Oil  of  vitriol  turns  it  yellow,  and  partially  dissolves 
it.     It  dissolves  easily  in  hydrochloric  aci^  scarcely  at  all  in  cold  nitric 
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aoid,  almost  entirely  in  hot  nitric  acid^  in  1000  pts.  of  water,  in  455  pis. 
of  alcohol,  not  in  ether.  (Harff.) 

p.  Mercuric  oxide  is  boiled  with  aqueous  tartrate  of  ammonia  and 
excess  of  tartaric  acid;  the  filtrate  precipitated  by  dilution  with  water; 
and  the  precipitate  washed  and  dried  at  100°  in  the  dark.  The  white 
metallic-tasting  powder  blackens  on  exposure  to  light.  It  intumesces 
when  heated,  givmg  off  carbonic  acid,  empyreumatic  ammoniacal  yapours^ 
afterwards  acid  vapours  and  mercury,  and  leaves  a  trace  of  charcoal. 
With  boiling  potash  it  gives  off  ammonia.  Dissolves  easily  in  nitric, 
acetic,  and  tartaric  acid,  but  is  insoluble  in  water,  alcohol,  and  ether. 
(Burckhardt.) 

h,  Neuiral,  —  Formed  by  boiling  mercurons  or  mercuric  oxide  with 
acid  tartrate  of  ammonia,  or  by  dissolving  mercuric  tartrate  in  neutral 
tartrate  of  ammonia.  Is  best  prepared  by  the  last  mentioned  process, 
the  liquid  being  boiled  to  saturation  and  filtered  hot.  On  cooling,  the 
salt  crystallizes  in  small,  transparent,  colourless,  four-sided  prisms, 
having  a  saline  and  afterwards  harsh  metallic  taste.  These  prisms  do 
not  buM^ken  when  exposed  to  light;  they  swell  up  strongly  in  the  fire, 
becoming  carbonized  and  giving  off  ammoniacal  vapours,  empyreumatic 
acetic  acid,  and  mercury.  With  boiling  potash,  they  give  off  ammonia. 
They  dissolve  in  cold  oil  of  vitriol.  They  dissolve  readily  in  water  both 
hot  and  cold,  but  are  insoluble  in  alcohol  and  ether.  The  aqueous 
solution  yields  a  red  precipitate  with  potash,  a  white  turbidity  with 
carbonate  of  potash,  nothing  with  ammonia  or  carbonate  of  ammonia* 
(Burckhardt) 

Totassio-mercuraus  Tartrate^  —  3 .  Obtained  by  boiling  1  pt.  of  mercu- 
ric oxide  with  6  to  8  pts.  of  cream  of  tartar  and  with  water,  till  the  whole 
is  nearly  dissolved,  then  filtering  hot,  and  cooling.  (Mounet,  Burckhardt.) 
The  crystals  thus  obtained  consist  entirely  of  mercoroiis  salt,  whereas  if  only  3  pts.  of 
cream  of  tartar  are  used,  the  reduction  does  not  take  place.  (Burckhardt.) 2.   By 

boiling  mercurons  oxide  or  mercurons  tartrate  with  excess  of  cream  of 
tartar.  —-White,  translucent,  very  small  prisms,  having  a  metallic  taste 
and  reddening  litmus.  The  salt  blackens  quickly  when  exposed  to  light. 
When  heated,  it  intumesces,  gives  off  empyreumatic  acetic  acid,  carbonic 
acid,  and  mercury,  and  leaves  a  lar^e  quantity  of  charcoal.  It  is  inso- 
Inble  in  cold  water,  dissolves  sparingTy  in  boiling  water,  readily  in  nitric, 
acetic,  and  hot  tartaric  acid,  from  which  latter  it  separates  unaltered  on 
cooling.  (Burckhardt;  camp,  Carbonell  &  Bravo,  J.  Chim.  med.  7,  161; 
J.  :Pharm.  1 9,  620.) 

Fotassio'fnercuric  Tartrate.  •—  1 .  Prepared  by  adding  mercuric  tartrate 
to  a  boiling  solution  of  neutral  tartrate  of  potash  as  long  as  it  dissolves, 
filtering  hot,  and  cooling  to  the  crystallising  point.  (Burckhardt.)  — 
2.  By  digesting  mercuric  oxide  with  water  and  cream  of  tartar,  and 
evaporating  the  filtrate  till  it  crystallises.  (Harff.)  — SmaU,  white,  trans- 
lucent prisms  (shining,  according  to  Harff),  which  have  a  metallic  taste, 
and  redden  litmus.  (Burckhardt.)  The  salt  intumesces  when  heated, 
ffiving  off  empyreumatic  acetic  acid,  carbonic  acid,  and  mercury,  and 
leaving  carbonate  of  potash  mixed  with  charcoal.  (Burckhardt.)  Its 
aqueous  solution  is  coloured  red  by  potash,  white  by  carbonate  of  potash 
or  soda,  and  is  not  precipitated  by  ammonia  or  carbonate  of  ammonia. 
(Burckhardt.)     The  crystals  turn  yellowish  with  potash,  white  with 
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ammonia.  They  diasolve  completely  in  wann  oil  of  ritriol  with  blacken- 
ing. They  dissoWe  in  hydrochloric  and  in  nitric  acid.  (Harff.)  They 
are  nearly  ineolable  in  cold  water,  dissolve  more  readily  in  hot  water, 
also  in  Tarious  acids  and  in  neutral  tartrate  of  potash;  not  in  alcohol  or 
ether.  (Burckbardt.)     They  dissolye  in  ether.  (Harff.) 

Tartaric  add  forms  with  ozycyanide  of  mercury  a  crystalliiable  lalt,  which  is 
resolved  by  water  into  a  soluble  and  an  insolable  salt.  (Johnston,  viii,  16.) 

Tartrate  of  Silver.  —  Precipitated  on  mixing  nentral  tartrate  of 
potash  (not  the  free  acid)  with  nitrate  of  silver.  ( v .  Kose.)  With  cold 
dilute  solutions  of  nitrate  of  silver  and  Rochelle  salt  acidulated  with  a 
very  small  quantity  of  nitric  acid,  the  precipitate  is  curdy  and  amor- 
phous; boiling  hot  dilute  solutions  turn  brown  when  mixed,  and  deposit 
brown  laminsB  of  silver.  But  if  a  moderately  concentrated  solution  of 
Rochelle  salt  be  added  to  a  dilute  silver-solution  of  80°,  till  the  precipitate 
which  at  first  continually  redissolves,  begins  to  become  permanent  (a 
small  portion  of  the  silver-salt  must  remain  nndecomposed),  the  mixture 
on  cooling  yields  delicate  scales,  which,  after  thorough  washing,  have  a 
white  metallic  lustre  like  polished  silver,  and  at  15°  exhibit  a  sp.  gr.  of 
3-4321.  (Liebig  &  Redtenbacher,  Ann,  Fharm.  BB,  132.)  —  White  ciys- 
talline  powder,  having  a  silky  lustre,  and  free  from  alkali  when  thoroughly 
washed.  (Werther.)  The  salt  blackens  on  exposure  to  light  (V.  Rose.) 
When  gently  heated,  it  gives  off  pyrotartaric  and  carbonic  acid,  without 
intumescence  or  spirting,  and  leaves  a  shining  mass  of  spongy  silver  free 
from  alkali.  The  dry  salt  is  quickly  decomposed  by  dnr  cnlorine  gas, 
with  evolution  of  heat  and  formation  of  chloride  of  silver.  (Liebig.) 
The  heat  produced  by  the  decomposition  gives  rise  to  the  evolution  of 
empyreumatic  products;  chlorine  gas  passed  through  water  in  which 
tartrate  of  silver  is  suspended,  produces  carbonic  acid  gas,  chloride  of 
silver,  and  unaltered  tartaric  acid;  part  of  this  acid  has  therefore  been 
converted  into  carbonic  acid.  (Erdmann,  J,  pr,  Chem.  25,  504.)  When 
dry  ammoniacal  gas  is  passed  at  a  gradually  increasing  temperature  over 
the  salt  previously  dried  at  100°,  the  salt  becomes  suddenly  brown 
and  black,  and  when  the  temperature  reaches  70°,  gives  off  dense  fumes 
of  pure  carbonate  of  ammonia,  and  leaves  a  black  residue  with  partial 
metallic  lustre,  from  which  water  extracts  a  large  quantity  of  tartrate  of 
ammonia,  while  a  black  carbide  of  silver,  containing  7*5  p.  c  carbon, 
remains  behind.  (Erdmann.)  The  solution  of  tartrate  of  silver  and 
aqueous  ammonia  deposits  silver  on  boiling,  partly  in  the  specular  form, 
and  afterwards  on  cooling  yields  an.  ammoniacal  salt,  which  dissolves 
in  water  less  easily  than  the  tartrate,  and  whose  aqueous  solution  forms 
with  potash-salts,  a  non-crystalline  precipitate,  which  dissolves  in  hydro- 
chloric acid  less  easily  than  tartrate  of  lime,  and  is  precipitated  from 
that  solution  by  ammonia,  even  while  the  liautd  still  readens  litmus 
strongly.  Hence  another  acid  appears  to  oe  formed.  (Werther.) 
Casselmann  did  not  obtain  this  reaction.  —  Cold  potash  or  Soda-ley  added  to 
tartrate  of  silver  throws  down  oxide  of  silver  (Werther);  but  only  half 
the  total  quantity,  because  a  tartrate  of  silver  and  potassium  or  sodium 
is  formed.  (Gay-Lnssao  &  Liebig.)  The  salt  is  nearly  insoluble  in  wat^r. 
(V.  Rose,  Werther.) 

The  presence  of  tartaric  acid  does  not  protect  silver-salts  from  pre* 
cipitation  by  fixed  alkalis.  (H.  Rose.) 
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iicMg. 

gC  4S    ....    lS-19 

4H 4     ....       MO 

t  Ag 816    ....    59-34    ;..    69*294 

12  O  96     ....     26-3r 

C*H*A^OM    S64    ....  lOOOa 

Aooording  to  Th^nard,  there  eziits  a  tartrate  of  silver  and  potaasiom,  which  ii 
obtaSaod  aa  a  white  inaolable  powder  by  digeating  silver-oxide  with  cream  of  tartar. 
Liebig  however  did  not  succeed  in  pre]iaring  it;  for  on  boilinc  the  silver- oxide  with 
cream  of  tartar,  carbonic  acid  was  evolved,  and  ttom  the  liquid  which  had  become 
neutral^  acetate  of  silver  crystallised  on  cooling  t  t^nd  by  predpitatiiig  nitrate  of  silver 
with  a  very  Uiige  excess  of  neutral  tarirato  of  potash,  he  obtainid  on  oooliag,  silver* 
■hfaiing  lamhisp  of  tartrata  of  silver  free  Arom  pottih.  (Thii  doefi  not  mm  with  the 
IMement  of  Gay-LMsac  h  Liebig  above-quoted.] 

AiyenUHAromic  TartraU*  —  Obtained  like  the  oorrespoQding  lead-ealt^ 
which  it  reaembleg  in  properties  and  gtoYchiometnoal  coRstitation. 
(Berlin.) 

Arffenio^ntimonic  Jbr^ro^. —- Obtained  by  preeipitatiog  nitrate  of 
silver  with  tartar>emetio«  (Wallquist.)  The  precipitate  has  the  same 
composition,  whether  obtained  from  cold  or  from  hot  solutions;  the  latter, 
when  heated  to  150"  in  a  current  of  dry  air,  gives  off  428  p.  c,  and  at 
1 60°,  with  reddish  yellow  colouring,  4'4  p.  o.  (8  At)  water  in  all.  A  trace 
of  potaah  is  found  in  the  ignited  residue.  (Dnmas  &  Piria») 

J)ried  at  1*60^  Dnmas  &  Piria. 

AgO lOS    ....    28-80    28-06 

8bO» 156    ....     40-80 

•  c 46   ....   12-60  ir4a 

i  H a  ....    o-5a 

8  O  64     ....     1707 

C»H«Ag(SbO«)0»   875    ....  10000 

Air-Med.  ^^p^        Wallqnht. 

AgO    ^  }08  ....  27*48                                       87*81 

SbO»  153  ....  38-?3                                        36-9J 

8C  48  ....     12-22    12-18 

4  H  4  ....       1-02     1-08 

10  O  80  ....     20-35         

C«H«Ag(SbO«)0» ....    383    ....  10000 

Tartrate  op  Palladium.  —  The  neutral  tartrates  of  the  alkalis 
form  a  light  yellow  precipitate  with  nitrate  of  palladium.  (Berzelius.) 

Tartaric  acid  dissolves  readily  in  Wood-i^irit  and  in  Alcohol.  The 
latter  solution,  according  to  Pelouze,  does  not  redden  litmus. 

Concentrated  aolutions  of  tartaric  acid  and  Urea  form,  after  f^  yrhiUf 
^  crystalline  precipitate.  (Om.) 

The  solution  of  Olycocol  in  the  aaueous  acid  mixed  with  absolute 
alcohol,  deposits  an  oil,  which  is  not  altered  by  repeated  agitation  with 
>icobol,  and  dries  up  to  a  gum  on  exposure  to  the  air.  (HorsForcJ.) 

Tartaric  acid  combines  with  organic  alkalis,  forming  cnrsUlIisable 
salts.     Tartrate  of  asparagine  forms  very  beautiful  crystals,  (rasteur.) 
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Hetatartaric  Acid. 

B»ACONVOT.    (1891.)    Ann,  Okim.  Fhife.  i»,  899;  »liO  Schw.  64,  dSBj 

aJ«o  Pfi^^.  86,  888. 
Ebdmanit.    ]knn  PAar^n.  81,  0. 
IiAU&BNT  &  GsEHABDT.    C'ofiipl.  OMm.  1649, 1  A  97;  ftlto  ^nn.  i^Annn. 

70;  646;  9iao  J,  pr.  Ohm.  46,  860;  abstr.  Cov^i^t  mu^.  87,  818. 

Amorphotu  Tartaric  Acid,  Metatarienaure,  amorphe  WeituUure,  AM§  meftfUir' 
trique. 

Formation  and  Preparation.  Tartaric  acid;  palverised  and  dried  at 
100°,  is  heated  in  the  oil-bath  to  170° — 180°,  till  it  just  begins  to  melt, 
and  then  immediately  removed  from  the  fire.  /Laurent  &  Gerhardt.)  •— 
If  the  melting  be  too  long  continued,  the  proauct  become^  mixed  witb 
tartralic  acid.  If  it  is  not  continued  long  enough,  only  0*20  p.  c.  water 
is  given  off;  at  a  few  degrees  above  the  melting  point,  more  water 
escapes.  But  the  evolution  of  a  little  water  is  not  essential  to  the  con- 
version of  tartaric  into  metatartaric  acid.  When  60  pts.  of  tartaric  acid 
are  melted  for  an  hour  in  a  flask  with  2  or  3  pts.  of  water  renewed  as  it 
fiVBporates,  ao  that  the  flask  always  contains  more  than  60  pts.,  a  viscid 
mass  is  obtained,  which  is  no  longer  tartaric,  but  a  mixture  of  meta- 
tartaric and  tartralic  acids;  for  its  solotion  in  a  very  small  qaantity  of 
water,  mixed  with  a  little  ammonia,  solidifies  to  acid  nietatartnUie  af 
ammonia^  its  soiutioQ  nentiaiised  with  ammonia,  forms,  with  a  eoncen- 
trated  solution  of  acetate  of  lime,  but  only  after  a  few  minutes,  a  pre- 
cipitate, which  ooQsists  of  metataxtrate  of  lime,  and  does  not  exhibit  any 
crystals  of  tartrate  of  lime  when  examined  by  the  microscope;  and  the 
liqsid  filtered  from  the  precipitate,  yields,  when  alcohol  is  added  to  it 
drop  by  drop,  a  semi-viscid  precipitate  of  tartralate  of  lime,  easily  toiubie 
in  water;  It^y,  the  fused  mass  neutralised  with  chalk,  with  addition  of 
water,  yields  a  neutral  filtrate,  which,  when  boiled,  becomes  veiy  acid  Cm 
consequence  of  tartralate  of  lime  remaining  in  solution),  and  deposits 
crystals  of  metatartrate  of  lime.  (Laurent  &  Gerhardt.)  —  Braconnot 
exposes  tartaric  acid  for  a  second  to  a  strong  heat,  till  it  mfiits  and  swells 
up.  —  Erdmann  melts  tartaric  acid  at  120  [does  it  njieU  at  that  tempe- 
rature ?],  till  it  forms,  with  intumescence  and  loss  of  water,  a  transparent 
colourless  syrup,  which,  when  placed  upon  a  cold  surface,  no  longer 
solidifies  to  a  tnibid  crystalline  mass  (from  admixture  of  tartaric  acid), 

but  to  a  clear  glass.     X^is  md,  obtained  hj  ErdtpoAOO,  appearg  to  iia^e  AwUined 
tartralic  aad  tartrelic  adds.  (Laurent  9c  Gerhardt.) 

Properties,  Transparent,  vitreous  or  gummy  n^ass.  (Erdmann,  L.a]ir. 
4&  Gerh.)  When  softened  by  heat,  it  may  be  drawn  oi^t  into  c^ipillary 
threads.  (Braconnot)  According  to  Pasteur,  its  solution  exerts  upon 
polarised  light  the  same  rotatory  action  to  the  right  as  tartaric  acid. 
Tartaric  acid  poured  immediately  after  fusion  into  a  quadrangular  glass 
box  and  solidified,  likewise  turns  the  plane  of  polarisation  strongly 
towards  the  right,  so  long  as  it  is  hot;  at  ordinary  temperatures,  however, 
it  deflects  but  feebly  to  the  right,  and  at  0°  to  the  left.  (Biot  <&  ]Laurent, 
(lompU  rtnd.  20,  681.) 


328  PRIMARY  NUCLEUS  C«H»:  OXYGEN-NUCLEUS  C»H«0«. 

Metatartario  acid  is  isomerio  with  tartaric  acid.  (Erdmann^  Laurent 
&  Gerhardt.) 

DecompasiUonB.  The  acid,  when  exposed  to  a  continued  gentle  heat» 
is  partially  reconverted  into  crystalline  tartaric  acid.  (Laurent  &  €Fer- 
hardt.)  When  exposed  to  the  air,  it  deliquesces  to  a  syrup,  which 
changes  to  crystalline  tartaric  acid.  Its  concentrated  aqueous  solution 
evaporated  over  oil  of  vitriol  within  a  hell-jar  containing  air,  deposits 
crystals  of  tartaric  acid,  the  formation  of  which  is  aooelerated  hy  the 
presence  of  a  little  sulphuric  acid.  (Erdmann.)  Its  solution  neutialiaed 
with  potash,  deposits,  on  addition  of  alcohol,  a  transparent  oil,  which 
gradually  crystallises  to  neutral  tartrate  of  potash.  Ammonia  acts  in  a 
similar  manner.  (Laurent  &  Gerhardt.) 

C<mbination$.  The  acid  dissolves  readily  in  waUr,  and  is  very  deli- 
quescent. (Braconnoti  Erdmann,  Laurent  &  Gerhardt.) 

The  Metatartratea  differ  in  form  from  the  tartrates,  and  dissolve  more 
readily  in  water.  (Laurent  &  Gerhardt.) 

Jlfetatarirate  of  Ammonia  —  a.  Neutral.  —  On  neutralising  the  acid 
with  ammonia^  a  nit  is  produced,  which  behaves,  sometimes  like  meta- 
tartrate,  sometimes  like  tartrate.  (Laurent  &  Gerhardt.) 

6.  Acid.  —  Formed  by  adding  to  the  concentrated  solution  of  the 
acid,  a  quantity  of  ammonia  not  sufficient  to  neutralise  it^  and  washing 
the  crystalline  precipitate  which  appears  after  a  few  seconds,  first  with 
water  containing  a  little  alcohol,  and  then  with  alcohol.  —  Shining 
rhombic  and  six-sided  laminn,  often  aggregated  in  such  a  manner  as  to 
form  re-entering  angles.  From  its  solution  in  lukewarm  water,  the  salt 
may  be  recrystallised  without  alteration,  but  on  boiling  it  cfaanses  into 
acid  tartrate  of  ammonia.  It  dissolves  in  water  much  more  readily  than 
the  latter,  and  the  solution  does  not  precipitate  lime-salts.  (Laurent  & 
Gerhardt) 
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0»H»(NH*)0« 167    ....  10000    1000 

IfeUOartrcUe  of  Potcuik,  —  Th«  neutral  salt  cannot  be  prepared.  (Laurent  & 
Gerhardt)  It  is  amorphous  and  gummy,  and  becomes  moist  on  exposure  to  the  air. 
(Braoonnot.)-— 2lct(2.  —  Metatartario  acid  added  in  excess  to  solution  of 
potash,  throws  down  a  fine,  non-granular  powder,  which  is  as  sparingly 
soluble  as  cream  of  tartar.  (Braconnot.)  Crystals  exhibiting  the  same 
appearance  and  reactions  as  those  of  the  ammoniacal  salt;  they  contain 
20-3  p.  c.  potash,  and  are  therefore  =  C«H»KO".  (Laurent  &  Gerhardt.) 

Metatartrate  of  5o<^.  —  iT^M^rfl/.  —  Uncrystallisable,  gummy,  deli- 
quescent (Braconnot) 

MetaiaHraie  of  Soda  and  Potath.  —  Crystallisable,  like  Roohelle  salt 
(Braconnot.) 
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MekUartrate  of  Baryta,  —  The  aoueoas  acid  forms  a  precipitate  with 
excess  of  baryta-water,  but  not  with  baryta-salts.  The  ammoniarsalt 
precipitates  baryta-salts^  bat  the  precipitate  does  not  appear  till  after 
some  time,  if  the  solutions  are  dilate.  (Erdmann.)  —  The  salt  is  obtained 
by  precipitating  a  baryta-salt  with  neutral  metatartrate  of  ammonia. 
Globules  aggregated  in  masses.  The  salt  dried  at  160^  contains  44*8 
p.  c.  bariam  and  2  At.  water,  and  is  therefore  =  OH^BaH)"  -H  2  Aq. 
It  dissolres  in  water  much  more  readily  than  tartrate  of  baryta. 
(Laurent  &  Gerhardt.)  It  is  easily  soluble  in  excess  of  the  acid. 
(Erdmann.) 


JlfetaiaHrate  of  Lime  —  The  hot  aqueous  acid  saturated  with  carbo- 
nate of  Hme^  gradually  becomes  turbid  as  it  cools,  and  deposits  a  viscid, 
transparent,  tasteless  mass,  which  may  be  drawn  out  into  threads,  dries 
up  to  a  transparent  gum  permanent  in  the  air,  and  when  heated  with 
water  or  dilute  acetic  acid,  again  acquires  the  consistence  of  turpentine 
without  sensibly  dissolving.  Its  solution  in  warm  metatartaric  acid 
leaves  a  transparent,  brittle,  rather  acid  salt,  which,  when  kept  for  some 
time  under  water,  is  converted  into  granular  tartrate  of  lime.  (Braconnot.) 
The  aqueous  acid  fpres  a  precipitate  with  excess  of  lime-water,  but  not 
with  lime-salts.  The  ammonia-salt  precipitates  lime-salts,  but  after  a 
time  only  if  the  solutions  are  dilute.  (Erdmann.)  —  Metatartrate  of  lime 
is  obtained  by  precipitating  a  lime-salt  with  neutral  metatartrate  of 
ammonia  in  concentrated  solutions.  In  dilate  solationg  the  precipitate  takes 
some  time  to  form ;  the  acid  ammonia-salt  giTca  no  precipitate.  —  The  precipitate, 

which  is  flocculent  at  first,  soon  becomes  granular,  and  then  appears  under 
the  microscope,  to  consist,  partly  of  granules,  partly  of  prisms,  having  one 
end  rounded  and  the  other  perpendicularly  or  obliquely  truncated.  The 
salt  dried  at  230%  =C"HK)a'0^';  after  drying  at  160'',  it  contains  1935 
p.  c.  calcium,  and  is  therefore  =  C^H^Ca'O^'  -f  2Aq;  and  the  air-dried 
crystallised  ^t  contains  15*35  p.  c.  calcium,  gives  off  27*10  p.  o.  water 
at  240%  and  is  therefore  =  C"HK]la'0''  -f  8Aq,  the  same  therefore  as 
air-dried  tartrate  of  lime.  (Laurent  &  Gerhardt.)  —  The  once-crystallised 
salt  dissolves  in  a  large  quantity  of  cold  water,  and  but  slowly  m  boiling 
water,  being  thereby  converted  into  tartrate.  The  cold  aqueous  solution 
forms,  with  ammonia,  a  large  quantity  of  flakes  (soluble  in  excess),  which 
become  cryst^ine.  Cold  water  to  which  a  small  quantity  ot  hydro- 
chloric or  nitric  acid  is  added,  dissolves  the  salt  abundantly,  and  when 
neutralised  with  ammonia,  deposits  it  after  a  while  unaltered.  But  the 
hydrochloric  acid  solution  of  the  salt  dried  at  220°,  yields  by  precipita- 
tion with  ammonia,  rectangular  octohedrons  of  tartrate  of  lime.  (Laurent 
&  Gerhardt.)  When  metatartaric  acid,  somewhat  supersaturated  with 
ammonia  is  mixed  with  chloride  of  calcium  and  then  with  a  quantity  of 
water  sufficient  to  redissolve  the  precipitate,  the  whole  of  the  salt 
crystallises  out,  after  a  few  hours,  as  tartrate  of  lime.  (Erdmann.) 

Metatartrate  of  Magnetia.  —  The  solution  of  magnesia  in  the  acid, 
leaves  a  varnish  when  evaporated.  (Braconnot) 

Metatartraie  of  Lead,  —  Even  the  free  acid  forms  with  nitrate  or  acetate 
of  lead,  a  white  precipitate  containing  60*13  to  60*48  p.  c.  lead-oxide. 
The  precipitate  ootained  on  adding  the  acid  not  quite  neutralised  with 
ammonia  to  nitrate  of  lead,  is  insoluble  in  cold,  and  very  sparingly  soluble 
in  boiling  water,  from  which  it  is  deposited  in  flakes  on  cooling.     It 
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dissolree    eanly  in  metAtartario   and  other    aoids^  also  ia  ammonia. 
(Erdmann.) 

With  sulphate  of  copper,  metatartrate  of  ammonia  fonns  no  pieeipi- 
tate  at  first^  hut  the  mixtore^  after  a  while,  deposits  tartrate  of  oopper. 
(Erdmaon.) 


Isotartaric  Acid. 

C»H«0"=C«H«0«,0*? 

PpbI.  Frsmt.  (1889.)    Ann,  Gkim.  Phyt,  68,  8685  also  Ann.  Fharm, 

29,  142;  also  J.  pr,  Chem.  16,  322.    Further :  iT.  Ann.  Gkim.  Fhys. 

81,  329;  Ann.  Pkarm.  78,  297;  abstr.  Fharm.  Omk:  1851,  937; 

JcAresber,  1851,  407. 
Laurbnt  &  Gerhari>t.  Oompt.  Mm.  1849,  6  &  105;  also  Ann.  Fharm. 

70,  354;   also  J.  pr.  Ghem.  46,  365.  —  Gbbhardt.  Compi.  Mm. 

1851,  182. 


nrfriMmre  (L&ebig)s  forpierly  called  TuHr^  Add  bf  ft&nj\  Aeid^  UU&r- 
tri^fie.  (Lfturent  &  Gerbardt.) 

Formation.  Bj  melting  tartaric  acid  at  a  temperature  aX>oye  the 
point  at  which  it  is  converted  into  metatartaric  acid.  —  The  tartaric  add 
then  gives  off  water.  (Fremy.)  This  loss  is  not  essential,  and  isotar- 
taric acid  is  formed,  together  with  metatartaric  acid,  even  when  60  pts. 
of  tartaric  acid  are  fused  with  2  or  3  pts.  of  water,  and  ihe  water  con- 
tinually renewed,  so  that  the  mass  constantly  weighs  more  than  60  pts. 
(p.  327).  When  the  tartaric  acid  was  fused  without  water,  till  the  loss  of 
water  amounted  to  8'04  p.  c,  there  remained  a  mixture  of  isotartaric 
and  metatartaric  acids,  and  when  the  fusion  was  continued  till  the  loss 
amounted  to  7'2  per  cent,  there  remained  a  mixture  of  isotartaric  (or 
tartralic,)  and  tartrelic  acids,  perfectly  soluble  in  water,  and,  therefore, 
free  from  anhydrous  tartaric  acid.  (Laurent  &  Oerhardt.^  —  Y.  According 
to  Biot,  {N.  Ann.  Chim.  Fhys.  28,  215,  351,)  tartaric  acid,  in  all  the  phases 
through  whidi  it  passes  before  arriving  at  its  final  anhydrous  state, 
exerts,  when  the  solid  mass  is  dissolved  m  cold  water,  in$tanUy  the  same 
amoont  of  rotatory  action  on  polarised  light  as  the  crystiUlised  acid  in 
its  unaltered  state.  The  absolnte  rotatory  power,  as  well  as  the  law  of 
dispersion,  (p.  271,)  appear  to  be  the  same  for  the  modified  as  for  the 
crystallised  acid.  Biot  regards  these  facts  as  confirmatory  of  Laurent 
and  Gerhardf  8  view,  that  tartaric  acid,  when  heated,  does  not  undei]go 
any  ckemioal  change,  till  it  passes  to  the  condition  of  the  anhydrous 
aoui.  %. — 2.  A  mixture  of  tartaric  acid  and  su^r  deliquesces  in  the 
air  to  a  no  longer  crystallisable  syrup,  in  which  the  greater  part  of  the 
tartaric  acid  is  converted  into  tartralic  [isotartaricQ  acid.  For  after 
saturating  the  filtrate  with  carbonate  of  lime,  and  filtering  agSpin  to 
separate  tartrate  of  lime,  alcohol  added  to  the  filtrate  throws  down 
tartralate  [isotartrate|  of  lime,  the  aqueous  sdution  of  which  deponts 
tartrate  of  lime  on  boiling.  (A.  Vogel,  Jun.  Repert.  92,  325.) 

Frepardtion.  1 .  A  few  grammes  of  tartaric  acid  are  heated  for  some 
time  in  a  porcelain  basin  to  200^^  stirring  all  the  time,  during  which 
treatment  ^  acid  should  not  turn  yellow,  and  should  give  off  waAer,  hot 
no  acid  TSpovrs.    Ae  residuid  man  (widdi  however  11  obI^  a  siztote,)  ooutaiiis 
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84-Of  p.  0.  C,  8-98  H  tnd  81-99  O.  This  maas,  whioh  contains  only  traces  of 
iartrelic  acid,  is  dissolyed  in  water,  and  neutralized  with  carbonate  of  lime, 
the  filtrate  decomposed  by  snlphnric  acid,  and  the  filtered  solution  of 
the  acid  evaporated.  (Freray.)  —  IT.  In  the  Traits  de  Chimie  gin^rale  of 
Pelouse  &  Fremy,  2n«  Ed.  1855,  torn.  9,  pp.  225,  226,  it  is  stated  that 
tartaric  acid  heated  to  200^  yields,  not  tartralic  or  isotartaric  acid,  but 
tartrelic  acid;  that  isotartaric  acid,  the  acid  whose  salts  have  the  formula 
C»H»MO"  or  MO,C«H»0"  is  obtained,  as  well  as  meUtartaric  acid,  by 
heating  tartaric  acid  to  170'';  and  that  tartralic  acid,  liHO,C^H*0^^  is 
formed  by  heating  tartaric  acid  to  190".  %,  —  When  tartaric  acid  is  heated 
for  some  time  to  its  boiling  point,  but  not  high  enough  to  make  it  froth, 
there  remains  a  mixture  of  metatartaric,  isotartaric,  and  tartrelic  acids, 
which,  when  dissolved  in  water,  and  saturated  with  chalk,  yields  tartre- 
tale  of  lime  in  the  form  of  a  precipitate  of  pitchy  consistence,  and  a 
filtrate  which  does  not  redden  litmus;  but  from  this  filtrate,  alcohol  throws 
down  isotartrate  of  lime  mixed  with  metatartrate,  by  the  analysis  of 
which  mixture,  Fremy  obtained  an  incorrect  analysis  of  tartralate 
[isotartrate]  of  lime.  The  metatartaric  acid  in  this  lime-salt  may  jbe 
recognised  by  the  character  that,  when  dissolved  in  water  after  drying, 
it  leaves  crystalline  metatartrate  of  lime:  for  when  the  acid  separated 
therefrom  is  mixed  with  a  small  quantity  of  ammonia,  it  forms,  after  a 
a  few  hours,  crystals  of  acid  metatartrate  of  ammonia.  (Laurent  & 
Ckriiardt.) 

2.  To  obtain  the  lime-salt  in  a  state  of  perfect  purity,  tartaric  acid 
it  heated  till  it  froths;  dissolved  in  cold  water;  neutralized  or  slightly 
supersaturated  with  ammonia;  mixed  with  concentrated  acetate  of  lime; 
and  alcohol  dropt  Into  the  clear  mixture,  while  the  liquid  is  stirred  with 
a  glass  rod :  the  viscid  precipitate  then  collects  together,  and  settles  down 
to  the  bottom  in  the  fbnn  of  a  nearly  colourless  oil.  — -  If  the  aloohol  be 
too  rapidly  added,  the  salt  is  precipitated  in  flakes,  which  do  not  unite, 
and  must  therefore  be  washed  on  a  filter,  during  which  process  they 
suffer  partial  decomposition;  it  is  also  necessary  not  to  precipitate  the 
whole  of  the  salt  by  the  alcohol.  —  The  oil,  after  the  watery  liquid  has 
been  decanted,  is  well  kneaded  with  fresh  alcohol,  and  boiled  for  a  few 
seconds,  whereapon  it  suddenly  hardens  as  if  it  had  become  crystalline, 
although  no  crystalline  structure  can  be  perceived  in  it  by  the  microscope, 
then  comminuted  with  the  rod,  rinsed  three  times  with  aloohol,  and  dried 
between  paper.  (Laurent  &  Gerhardt.) 

Properties,  Not  crystallisable;  tastes  somewhat  less  sour  than  tar- 
taric a^d.  (Fremy.) 

The  acid  is  highly  deliquescent.  (Fremy.) 

The  l9o€mrtratn  [tiie  tartralates  of  Frem/s  earlier  investigations,] 
have  in  the  nentml  state  the  formula  0*H*MO".  (Laurent  &  Gerhardt.) 
Perhaps  therefore  ss  0*H*MO*,0*.  —  In  ^e  dry  stats,  they  are  unalter- 
able, out  in  the  state  ^  aqoeeas  solution,  diey  pass,  with  especial 
rapidity  when  healed,  inle  the  state  of  acid  tartrates  (Fremy),  ineta- 
tartrates.  (Laurent  &  Gerhardt.) 

I sotartroU  of  Ammonia.  —  When  tartrelic  acid  iB  added  at  ordinary 
temperatures  to  alcoholic  ammonia,  which  must  remain  4M>mewhat  in 
excess,  isotartrate  of  ammonia  is  precipitated  in  the  form  of  an  oil, 
T^hioh  may  be  washed  with  idcohol.     This  oil  is  ddiqnesoont.     When 
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hteted,  it  gradnallj  solidifies  witboat  evolution  of  ammonia,  i&om  fonnar 
tion  of  acid  metatartrate  of  ammonia,  with  which  it  is  metametic. 
Fremj.  (Laurent  &  Gerhardt.) 

Isotartrate  of  Fotash.^—Ohisined  in  a  similar  manner.  Not  erystal- 
lizable;  deliquescent;  contains  20*3  p.  c  potassium,  and  is  therefore 
=  C®H*KO".  Partially  converted,  bv  gentle  heat,  into  acid  metatar- 
trate of  potaBh.  (Laurent  &  Gerhardt.) 

Isotartrate  of  Baryta,  -—  Aqueous  isotartaric  acid  is  saturated  with 
carbonate  of  baryta,  and  the  salt  precipitated  from  the  filtrate  by  alcohol. 
It  dissolves  spanngly  in  water,  and  contains  43*5  p.  c.  baryta.  (Fremy.) 
According  to  what  is  above  stated,  this  salt  likewise  coniains  metatar- 
trate of  baryta.  (Laurent  &  Gerhardt) 

Isotartrate  of  Ztm^.  — (For  the  preparation  vid.  supra.)  The  salt 
dissolves  very  readily  in  cold  water,  even  that  which  has  been  dried  at 
150%  and  contains  but  a  trace  of  metatartrate  of  lime;  the  neutral  solu- 
tion turns  sour  when  boiled,  neutral  metatartrate  of  lime  separating  out, 
and  free  metatartaric  acid  remaining  in  solution  : 

2C8H«CaO"  =  C»H<Ca»0«  +  C8n«0« 

Alcohol  precipitates  the  salt  from  its  aqueous  solution  in  thick  flakes, 
which,  when  collected  on  a  filter,  dry  slowly  in  the  air,  and  yield  an 
acid  viscid  mass  by  partial  conversion  into  metatartrate  and  free  acid. 
(Laurent  &  Gerhardt.)  —  The  salt  which  was  obtained  by  Fremy,  and, 
according  to  Laurent  &  Gerhardt,  was  contaminated  with  metatartrate, 
dissolves  sparingly  in  water,  and  is  precipitated  therefrom  by  alcohol. 
The  aqueous  solution  is  neutral,  turns  acid  in  a  few  hours  at  ordinary 
temperatures,  and  quickly  on  boiling,  depositing  granular  crystals  of  tar- 
trate of  lime.  (Fremy.) 

Lanr.  &  Oerii.      i» 
at  160*.  ^'^^y- 

8  0 48     ....     28-40 

5  H 5    ....      2  96 

Ca    20    ....     11-84    11-2     ....     16*36 

12  O   96    ....     56-80 

0»H»CaO^....  169    ....  100-00 
[Fremy  deduced  from  hU  analyais,  the  formula  C^H^O^^  li  Ca.O  (vid.  it^,) 

Itotartrate  qf  Lead,  -^  Obtained  by  precipitating  nitrate  of  lead  with 
the  free  acid,  washing  the  precipitate  quickly  on  a  filter  with  cold  water, 
and  drying  it  quickly  between  paper,  afterwards  in  vacuo.  (Fremy.)  — 
If  the^  precipitation  be  performed  with  the  potash  or  ammonia  salts,  the 
precipitate  always  retains  a  certain  portion  of  the  alkali-salt.  (Fremy.) 
—  The  moist  precipitate  is  completely  converted  into  tartrate  of  lead, 
even  by  24  hours'  contact  with  water.  (Fremy.)  —  The  pure  limensalt 
forms  with  neutral  acetate  of  lead  a  white  precipitate  insoluble  in  water. 
(Laurent  &  Gerhardt) 

f^remy. 

PbO    64-55        to  52*61 

C 16-74        „  17-40 

H    1-14        „  1-43 

O    27-27        „  28-56 

100-00        ....      100-00 
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IwtartraU  of  Copper.  —  The  clear  mixture  of  the  potash-salt  with 
acetate  or  sulphate  of  copper,  yields,  on  addition  of  alcohol,  a  pale  /ipreen, 
somewhat  crystaHine  precipitate,  which  becomes  glutinous  when  spread 
out  on  blotting  paper,  and,  after  drying  at  150°,  contains  17*9  p.  c.  copper^ 
therefore  =  G'HHjuO^'.  (Laurent  &  Qerhardt.) 

IsotaHrate  of  Silver.  —  The  lime-salt  forms  with  nitrate  of  silver  a 
white  precipitate  soluble  in  a  large  quantity  of  water.  (Lanrent  & 
Oerhaitlt.) 

The  acid  dissolves  in  Alc(^L  (Fremy.) 

IT.  Tartrahc  acid.  —  C*H*0^1iH0  or  2C•H*0*^3HO.  —  Obtained, 
according  to  Fremy's  latest  statement  (TraitS  de  Chimie  genercUe,  par 
J.  Pelouze  et  E.  Fremy j  Par.  1855,  iv.  226),  by  heating  tartaric  acid 

to  loo^ 

Fremy  bad  formerly  stated  {Ann.  Pharm.  78,  304)  tliat  this  add  is  formed  at 
170"  ;  bat  he  now  agrees  with  Laurent  &  Gerbardt  in  asserting  that  the  product  formed 
at  that  temperature  is  the  monobasic  acid,  isotartaric  add. 
The  acid  is  deliquescent  and  nnorystallisable. 

Prcmjr. 

8    C 480     ....     330     33-3 

5i  H 5-5     ....      3-7     3-4 

Hi  0 920     ....     63-3     63-3 

C«H<OW  i^HO  145-5     ....  1000    100-0 

The  general  formnk  of  the  taiiralates  is  C^H^O^^HMO  or  2C^HH)'^ 
3M0.  When  treated  with  excess  of  base^  they  are  converted  into 
tartrates.  By  boiling  with  water,  they  are  resolved  into  tartrates  and 
itee  tartaric  acid.  The  tartralates  of  baryta,  strontia,  and  lime  are 
soluble  in  water. 

Tartralate  of  Ltme, — obtained  by  boiling  tartaric  acid^  either  till  it  is 
only  partially  converted  into  tartralic  acid,  or  till  the  formation  of 
tartrelic  acitl  has  commenced,  dissolving  the  product  in  cold  water, 
saturating  with  carbonate  of  lime,  precipitating  the  filtrate  with  alcohol, 
and  diying  the  precipitate,  first  in  vacuo,  and  afterwards  at  200°,-— 
yields  by  analysis  23*7  p.  c.  lime,  the  formula  C^H^O^^l^CaO  requiring 
24-1  p.  c.  (Fremy,  Ann.  Pharm.  78,  314.) 

Tartralate  of  Lead, — prepared  by  dissolving  the  lime-salt  in  cold 
water,  decomposing  with  oxalic  acid,  precipitating  the  tartralic  acid  with 
neutral  acetate  of  lead,  and  washing  the  precipitate  with  cold  water,  — 
or  by  treating  tartrelate  of  ammonia  with  excess  of  ammonia  to  convert 
it  into  tartralate,  and  precipitating  with  neutral  acetate  of  lead,  — > 
yielded  by  analysis  552  and  55  9  p.  c.  PbO,  while  the  formnk  C*HH)'% 
liPbO  requires  66'0  p.  o.  (Fremy.)    % 


Tartrelic  Acid. 

(?H*0"=C'H*0*,0*. 

£.  Fremt.  (1838.)  Awi.  Ckim.  Phys.  68^  367;  also  Ann.  P/utrm. 
29,  152;  also  J.  pr.  Ghem.  16,  331. — Further:  N.  Ann.  Ckim. 
Phys.  31,  329;  Ann.  Pftarm.  78,  315. 
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Laurent  &  Gerhardt.     Campt,  Chim»  1849|  9,  4  101;  also  ^fifi. 
Phartn.  70,  856;  also  J.  pr,  Chem.  46,  368. 

7\if'ireMuri,  TfotiiririntAure,  AMe  ttariretifue,  Atidi  U^imrfridi^,  AM» 
iartttfigtte  anhydrt  toinhtt^ 

Farmatian,  By  keeping  tartaric,  or  tartralic,  or  isotartaric  acid  in 
a  state  of  continued  fnsion  at  180^,  \ot  200^  lusoorditig  to  tke  latest 
statemeiits  (p.  681).]  —  Ahet  the  lartario  aoid  has  lost  hjr  fosion  f  At. 
water,  it  is  converted  into  tartralic  acid  =  C^H^^O",  and  when  by 
continued  fusion  it  has  lost  i  Al  more  of  water,  it  beeomes  tartrelio 
acid  =  C"H*0".  (Frcmy.)  —  Tartaric  acid  must  give  off  2  At.  water  in 
the  formation  of  tartrelio  acid;  for  the  latter  is  isomerio  with  tartaric 
anhydride  (C*HH)"^),  and  when  heated  for  a  longer  time  to  180% 
passes,  without  fnruer  loss  of  water^  into  that  snlwtanoe.  (Laurent  A 
Gerhardt.) 

Preparation.  By  heating  tartaric  acid  to  ISO""  [800*]  till  all  the 
tartaric  acid  is  converted  into  tartrelio,  but  not  long  enough  or  strong 
enough  to  prodace  tartaric  anhydride.  (Fremy.)  —  By  heating  tartaric 
acid  over  the  open  fire  quickly  and  with  agitation,  till,  in  about  six 
minutes,  it  thickens  and  swells  up  into  a  spongy  mass.  (Laurent  8c 
Gerhardt.) 

Properties.  Slightly  coloured,  easily  crystallisable,  strongly  acid, 
^Fremy.)  —  [Deliquescent,  and  uncrystallieable.  (Fremy,  TrwUde  Ckimiey 
P.andF.  1855,  iv,  226.)] 

^^"^'^^ISnTalJT^  ^  Ciite«te<idii  tuteordimg  to  P^^m^.  Fremy. 

8  C    48     ....     36*36                  8  C 48     ....     34*04  ....  84*56 

4H   4     ....       303                  6H 6     ....       355  ....  3-72 

10  O    80     ....     60-61                 no 88     ....     62-41  ....  ei«72 

G»HK)"  ....  132     ....  100-00  0«H»0" 141     ....  100-OQ    ....  100-00 

DeeomposkUm,  —  The  acid  dissolved  in  water  is  converted,  slowly  at 
ordinary  temperatures,  quickly  on  boiling,  first  into  tartralic  [or  isotar- 
taric],  then  mto  tartaric  acid.  (Fremy!)  When  made  to  unite  with 
potash,  it  immediately  forms  isotartrate  of  potash.  (Laurent  &  Gerhardt.) 

aWO^  -t-  HO  +  KO  »  CH^KO" 

Combinations*  With  WcUer.  The  acid  is  deliquescent,  but  much  less 
so  than  tartralic  acid.  (Fremy.) 

The  Tarlrelates  or  Isotartrtdes  oontMn  at  most  bui  1  At.  baae 
=  G^H'MO".  To  obtain  them,  it  is  best  to  decompose  an  acetate  with 
the  free  acid,  because,  when  that  acid  is  brought  in  contact  with  a  free 
alkali,  an  isotartrate  is  produced.  —  In  contact  with  water,  the  tartre- 
lates  are  converted,  first  into  tartralates,  and  then,  with  elimination  of 
acid,  into  tartrates.  (Fremy.)  —  Tartrelio  acid  is  distinguished  from 
tartralic  acid  by  the  syrupy  precipitates  which  it  forms  with  the  acetates 
of  baryta,  strontia,  and  lime,  whereas  tartralic  acid  does  not  precipitate 
those  salts.  (Fremy.) 

The  tartrelates  of  Ammonia^  Potash,  and  Soda  are  precipitated  from 
their  aqueous  solutions  by  alcohol.    Dry  ammoniaeal  gas  passed  into  a 
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solation  of  tartrello  aeid  in  absolute  alcohol,  fonna  a  precipiiaie  of  acid 
tartrelate  of  ammonia.  (Fremy.)  The  potash-salt  sC^H^KO^^  (Laurent 
&,  Gerhardt) 

TarirekUe  rf  Barpta.  —  The  aqneoas  aeid  added  to  acetate  of  barjrta 
tfarovre  down  this  salt  in  the  form  of  a  eyrvLp,  (From/.)  It  does  not 
precipitate  nitrate  of  barjta.  The  sjrap  is  insolable  in  water.  (Laarent 
A  Oerhwdt.) 

at  160».       '^^^ 

b  C 480    ....    24-05 

3  H 3-0     ....       1-50 

Ba 68-6    ....    34-37    38*8    .;..    83-57 

10  0 80-0    ....    4008 

CPH'BaOW  199-6    ....  10000 

Tartrelate  of  StrorUia.  —  Prepared  in  a  similar  manner,  dontain^ 
24*7  per  cent,  of  strontium,  and  is  therefore  =  G^H'SrO^^  (Laurent  & 
Gerhardt.) 

Tartrelate  of  Lime,  —  The  aqueous  acid  added  to  acetate  of  lime, 
throws  down  this  salt  in  the  form  of  a  sjrup.  (Fremy.)  As  an  excess 
of  tartrelie  acid  exerts  a  decomposing  action  on  the  salt,  the  concen- 
trated aqueous  acid  must  be  added  to  the  concentrated  solution  of  acetate 
orhjdrochlorateof  lime,  with  constant  stirring,  and  only  in  such  quantity 
that  a  part  of  the  latter  may  remain  undecomposed ;  and  the  precipitated 
syrup,  after  the  watery  liquid  has  been  poured  off,  must  be  quickly 
washed  with  alcohol,  whereby  it  is  hardened.  The  «Ut  is  so  sparingly 
soluble  in  water,  that  acetate  of  lime  diluted  to  such  an  extent  that  it  is 
no  longer  clouded  by  neutral  tartrate  of  ammonia^  still  shows  turbidity 
when  mixed  with  tartrelie  acid.  (Laurent  &,  Gerhardt.) 


Caiculationf  according  to  Laureni                   Lanr.  &  Gerb. 
if  Gerhardt.                                         al  160*. 

8  C 48     ....     31-79 

3  H    3     ....       1-98 

Ca  20 

10  0 80 

....    13-25 W-95 

....    52-98 

•      CHPCaO*^ 151 

....  100-00 

rTtUtkJm 

at  120^               at  140*. 
30-3     ....    30-6    ..,    30-8 

1  tf                                 A                2*5 

2-3     ....      2-5 

Ca ., 20     ....     12-5 

11  O    B8      ...     55-0 

12-1     ....     12-4     ....     12*0 

55-3     ....     54-5 

CHH^aQW 160    ....  100  0 

Dried  in  Mcua. 
8  C  

.*  1000    ^  lOO-O 

FreiBf. 

48    ....    28-4    •. ^7-7 

5  H   

5     ....      2-9    3-5 

Ca    

20    ....     11-8    ll-« 

12  O 

96    ....    56-9    57-6 

Qi||4QjO»+Aq.  .«••«.- 169    ^.*  WO-8    ....mm  100-# 
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Tcairdate  of  Lead,  —  a.  When  the  dry  acid  is  heated  with  excess  of 
oxide  of  lead,  a  quantity  of  water  is  given  off,  about  sufficient  to  produce 
C'H'Pb'O^^  For,  100  pts.  of  tartaric  acid  heated  to  intumescence,  then 
triturated  with  100  pts.  lead-oxide  and  a  small  quantity  of  alcohol,  and 
desiccated  in  a  stream  of  dry  air  at  150^  give  off  16*7  p.  c  water.  This 
tumefied  acid,  when  heated  alone,  gives  off  an  additional  1  to  2  per  cent, 
of  water;  consequently,  the  water  produced  from  the  lead-oxide  amounts 
to  only  157  to  147  per  cent  If  C*H«Pb»0"  be  hereby  produced,  then, 
according  to  calculation,  100  pts.  of  tartrelic  acid  should  give  off  ld'65 
pts.  of  water.  132  (tartrelic  acid);  18  (2  At.  Aq)  =  100  :  13*65. 
(Laurent  &  Gerhardt.) 

h.  The  aqueous  acid  is  poured  into  an  aqueous  solution  of  neutral 
acetate  of  lead,  which  should  remain  in  excess,  and  the  white  precipitate 
quickly  washed  with  alcohol,  because  otherwise  metatartrate  or  tartrate 
of  lead,  will  be  formed,  in  which  the  quantity  of  lead  is  larger.  (Laurent 

&  Gerhardt.) 

Laur.  &  G.  p^.^^ 

at  150^  *^*°*y- 

8C 48     ....    20-43  1948 

3H 3    ....       1-28  1-82 

Pb   104     ....     44-25     43-9     ....  43-56 

10  0 80     ....     34-04  35-14 

CPH'PbO"' 235    ....  10000  100-00 

Tartrelic  acid  is  soluble  in  alcohoL  (Fremy.) 


Anhydrous  Tartaric  Acid. 

e»H*0»°=C>H*0»,0«  ? 

£.  Fremt.  (18d8.)  Ann.  Chim.  Fhyn,  68, 372;  also  Ann,  Pharm.  29, 156; 
also  J.  pr.  Chem,  16,  335. 

Tariarie  Anhydride,  wanerfiretB  Wetntdure,  Acide  tariarigue  emhydre  nuoluble. 

Formation.    By  heating  tartaric  acid  to  ISO"",  |'200''91  till  it  becomes 
infusible.  (Fremy.)  —  When  tartaric  acid  is  heated  over  tne  open  fire  and 

auickly  stirred  till  (in  about  six  minutes)  it  begins  to  swell  up,  and  the  mass 
ben  pulverised  and  again  heated  for  some  minutes  to  1 40° — 170°,  it  is  found 
to  be  still  perfectly  soluble  in  water,  and  is  therefore  still  tartrelic  acid; 
but  after  being  heated  for  10  minutes  to  180°,  till  acid  vapours  begin  to 
escape,  the  powder  is  found  to  have  diminished  in  weight  by  0*32  p.  c, 
and  to  be  aggregated  in  lumps,  tasteless,  and  perfectly  insoluble  in  water. 
The  trifling  loss,  arising  chiefly  from  the  evolution  of  acid  vapours,  shows 
that  tartrelic  acid  and  the  anhydride  have  the  same  composition  per 
cent.,  and  that  heat  converts  the  former  into  the  latter,  not  by  elimi- 
nation of  water,  but  by  transposition  of  atoms.  (Laurent  &  Gerhardt, 
Compt,  Chim.  1849,  101.)  [At  first,  C*H*0«,0*;  afterwards  C»H*0«,0^ 
so  that  20  pass  into  the  nucleus,  and  the  monobasic  acid  is  transformed 
into  an  aldide?]. 

Frqxxratum.     15  or  20  grammes  of  pulverised  tartaric  acid  is  heated 
in  a  basin  oyer  an  open  charcoal  fire,  so  that  in  the  course  of  4  or  5 
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minutes  it  passes  tlirongh  the  fused  into  the  tumefied  state^  and  then 
heated  for  a  few  seconds  in  the  oil- bath  to  150''.  By  rapid  heating,  the 
anhydride  is  obtained  more  nearly  colourless,  and  the  subsequent  heating  in  the  oil- 
bath  causes  it  no  longer  to  swell  up  when  immersed  in  water,  but  remain  pulverulent. 
The  pulverised  residue  is  washed  with  water  till  the  wash-liquid  no 
longer  reddens  litmus,  in  order  to  free  it  from  admixed  tartrelio  acid,  then 
well  pressed  between  paper,  and  dried  in  vacuo  at  ordinary  temperatures. 
If  it  were  dried  by  heat,  the  water  which  still  adheres  to  it  would  repro- 
duce tartaric  acid.  (Fremy.)  —  Crystallised  tartaric  acid  may  be  com- 
pletely transformed  into  the  anhydride  by  heating  it  for  several  hours  in  a 
stove  to  190°.  (TraiU  de  Ckimie  par  Fdouze  et  Fremy,  1855,  iv,  227.) 

Properties,  White  powder,  or  yellowish  if  it  has  been  heated  too 
long;  of  very  slightly  acid  taste.  (Fremy.) 

Fremy, 

8C 48     ....    36-36    37*08 

4  H    4     ....       3-03     3-23 

10  0 80     ....     60-61     69-69 

CSH^Qi" 132     ....  100-00    10000 

Decompositions.  The  anhydride  is  converted,  in  a  few  hours  when 
immersed  in  cold  water,  and  quickly  in  boiling  water,  into  tartrelic,  tar- 
tralic,  and  tartaric  acid  successively;  it  dissolves  quickly  in  aqueous 
potash,  but  is  not  precipitated  therefrom  by  acids,  because  it  exists  m  the 
solution  as  one  of  the  three  acids  just  mentioned.  (Fremy.) 

Combinations.  The  anhydride  is  at  first  insoluble  in  cold  water. 
(Fremy.) 

It  absorbs  Ammoniacal  ga^,  with  evolution  of  heat.  (Fremy.)  When 
ammoniacal  gas  is  passed  over  the  anhydride  moistened  with  alcohol,  a 
thin  syrup  forms  below  the  alcohol,  an<l  may  be  washed  with  alcohol, 
dis:3olved  in  water,  and  precipitated  therefrom  by  alcohol.  The  aqueous 
solution  does  not  precipitate  chloride  of  calcium;  but  on  addition  of 
alcohol  and  application  of  heat,  a  glutinous  precipitate  is  formed,  which, 
when  quickly  washed  with  cold  water,  dissolved  in  wann  water,  and 
reprecipitatcd  by  alcohol,  contains  16'91  p.  c.  lime,  and  1*9  nitrogen, 
numbers  from  which  it  is  not  possible  to  calculate  a  formula.  If  the 
aqueous  solution  of  the  syrup  be  precipitated  by  bichloride  of  platinum, 
the  liquid  filtered  from  the  chloroplatinate  of  ammonium  gradually 
deposits,  when  boiled,  a  new  precipitate  of  the  chloroplatinate.  (Laurent, 
N.  Ann.  Chim,  Pkys.  23,  116;  also  Compt.  rend,  20,  513.) 

The  anhydride  is  insoluble  in  alcohol  and  in  ether;  but  after  being 
washed  with  alcohol,  it  retains  a  small  quantity  of  that  body  in  com- 
bination, which  cannot  be  expelled  by  heat  without  decomposition. 
(Fremy.) 
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ConjugaUd  Compounds  of  Taiiaric  Acid. 

Tartromethylic  Acid. 

C"H*0»=C»H*0',C»H*0". 

Dumas  &  Pbligot.  (1835.)  Ann,  Chim,  Fhys.  61^  200. 
Qu^rin-Varry.  •  Ann.  Chim.  Fhys.  62,  77;  also  Ann.  Pharm.  2?,  248; 

also  J.  pr.  Chem.  9,  376. 
Dumas  &  Piria.     N.  Ann.  Chim.  Phys.  5,  373;  also  Ann.  Pkaim  44,  83. 

MethyUariers&ure,  Methylweinsdure,   Weinmeihyienf^urt,  Jcide  Urirvmtthjf' 

lique. 

Formation.  Tartaric  acid  dissolires  more  readily  in  wood-spirit  than 
in  alcohol,  and  converts  it  with  greater  facility  into  the  conjugated  acid. 
(Gu^rin.) 

FreparcUion,  1  pt.  of  tartaric  acid  Is  dissolved  in  1  pt.  of  absolute 
or  hydrated  wood-spirit  at  a  boiling  heat,  the  solution  evaporated  to  a 
syrup  at  a  temperature  below  100  ,  the  syrup  left  to  evaporate  freely, 
and  the  resulting  crystals  dried  in  vacuo.  (Gucrin.) 

Properties.  Colourless  right  prisms,  heavier  than  water,  fusible, 
inodorous,  of  acid,  not  sweet  taste.  (Gu6rin.) 

Cryitah.  Gucrin.        ^""^ 

IOC    60     ....     36-58     36-94    ....     36-6* 

8  H  8     ....       4-88     4-88     ....       6-2 

12  O  96     ...     58-64     58-18     ....     68-2 

CWH«OW 164     .  .   10000     10000     ...  1000 

pecompositions.  1.  The  acid  melts  when  subjected  to  dry  distillation 
giving  off  water,  wood-spirit,  acetate  of  methyl,  and  a  heavy  liquid 
which,  however,  docs  not  contain  oxalate  of  methyl.  —  2.  It  bums  with 
a  flame  like  that  of  wood-spirit.  —  3.  When  boiled  for  some  time  with 
water,  it  is  resolved  into  wood-epirit,  which  evaporates,  and  a  residue  of 
tartaric  acid — not  so  quickly,  however,  as  tartrovinic  acid, — and  crystal- 
lizes from  its  aqueous  solution  by  spontaneous  evaporation  in  its  original 
state.  (Guerin.) 

Comhinations.  The  acid  scarcely  becomes  moist  when  exposed  to  the 
air,  but  dissolves  very  readily  in  cold  water,  and  in  all  proportions  in 
boiling  water.    (Guerin.)     The  TaHromet/iylaies  or  McthylotaHraUs  = 

Tartromethylat^  of  Fotasli.  —  XetUral.  —  Obtained  by  precipitating 
the  baryta-salt  with  a  slight  excess  of  sulphate  of  potash,  evaporating  the 
filtrate  to  a  syrup,  dissolving  in  alcohol,  and  leaving  the  filtrate  to 
evaporate.  Colourless,  tasteless,  right  rectangular  prisms,  which  give  off 
4*2  p.  c.  water  in  vacuo  over  oil  of  vitriol.  At  150°,  they  soften  and 
turn  yellowish,  and  at  200°  give  off  water,  carbonic  acid  gas,  defiant  gas, 
and  a  fluid  mixture  of  water,  wood-spirit,  acetic  acid,  acetic  ether,  and 
a  syrupy  substance.     They  dissolve  much  more  readily  in  hot  than  in 
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cold  water,  are  insoluble  in  absolute  alcohol^  and  in  95  per  cent  spirit. 
(Gulrin.) 

CryitaU,  Gu^rin.     Dumas  &  Piria. 

KO  47-2  ....  23-35  22*23 

10  C 60-i)  ....  29-«7  28-79     ....     3035 

7H 7-0  ....  3-46  3-76     ....      390 

11  Q 88-0  ....  43-52 45-22 

C>«H'KO» 202-2     ....  100-00    10000 

Gatirin  lupposes  the  crystals  to  contaia  1  Aq.  more. 

Acid  2  —  An  excess  of  the  acid  forms  with  potash  a  milky  liquid, 
which  becomes  clear  on  the  addition  of  a  large  quantity  of  water. 
(Guerin.) 

Tartromethylate  qf  Soda,  —  An  excess  of  the  acid  forms  with  sodft 
(not  with  sulphate  of  soda),  an  abundant  granular  precipitate,  which  dii»- 
solves  in  a  large  quantity  of  water.  (Guenn.) 

Tartromethylate  of  Baryta.  —  The  acid  forms  with  baryta- water,  a 
precipitate  which  dissolves  on  addition  of  a  slight  excess  of  acid.  To 
obtain  the  neutral  salt,  the  above-mentioned  heated  solution  of  tartaric 
acid  in  wood  spirit,  is  saturated  with  carbonate  of  baryta,  and  the  filtrate 
left  to  crystallise  by  spontaneous  evaporation.  Colourless,  shining  right 
prisms,  bevelled  with  two  faces,  and  having  a  bitter  taste.  Between 
150°  and  160**,  they  yield  a  syrupy  distillate,  having  an  odour  of  garlic, 
and  containing  water,  wood-spirit,  acetate  of  methyl,  and  a  substance 
which  crystallises  on  evaporation,  and  is  soluble  in  water.  They  decom- 
pose by  boiling  with  water,  more  readily  than  the  potash -salt.  They 
are  more  soluble  in  hot  than  in  cold  water,  insoluble  in  absolute  alcohol, 
and  in  95  p.  c.  spirit.  (Guerin.)  Dumas  &  Peligot,  by  mixing  a  solu- 
tion of  tartaric  acid  in  wood-spirit,  with  a  solution  of  baryta  in  wood- 
spirit,  obtained  the  salt  in  the  form  of  a  gelatinous  precipitate,  which 
was  washed  with  absolute  wood-spirit,  since  when,  washed  with  water, 
it  was  converted  into  granular  tartrate  of  baryta. 

Dumas  &  Peligot. 
BaO 76*6     ....     31*83     308 

10  C 60-0     ....     24-94     23-9 

8H 8-0     ....       3-33     3-0 

12  0 96-0     ....     39-90     42-3 

C»»H7BaO»«  +  Aq  2400     ....  lOO'OO     1000 

The  acid  forms  M'ith  Strontla-teater  or  Lime-toatei*,  a  precipitate 
which  dissolves  in  a  slight  excess  of  the  acid;  the  lime-salt  also  in  a 
large  quantity  of  water.  (Guerin.) 

It  dissolves  Zinc  and  Iron^  with  evolution  of  hydrogen.  (Guerin.) 

Tartromethylate  of  Lead,  —  The  acid  forms,  with  an  aqueous  solution 
of  neutral  acetate  of  lead,  a  iloccnlent  precipitate,  which,  in  presence  of 
excess  of  the  acid,  changes  to  a  powder  consisting  of  flat  prisms. 
(Guerin.) 

•  Tartromethylate  of  Silver.  —  Prom  a  concentrated  silver-solution  the 
acid  throws  down  flakes,  which  are  insoluble  in  excess  of  the  acid,  but 
sparingly  soluble  in  water.  (Guerin.) 

Tartromethylic  acid  dissolves  readily  in  Wood-fpirlt  and  A  Icokol,  but 
sparingly  in  £ther.  (Guerin.) 

2  2 
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Tartrovinic  Acid. 

C"H»«0"=C*H«0*,C»H*0*^ 

Trommsdorfp    a.  Tr,  24,  1,  11. 

Gu^RiN  Varry.     Ann.  Chim.  Fhys,  62,  57;  also  Ann.  Fharm.  22,  237; 
also  e/i  pr.  Chem.  9,  361. 

Weintariersauret  Aeiherweim&ure,  Acide  tariarwiniqHe.  First  observed  by 
Morian  {A,  TV.  23,  2,  43,)  in  1814,  afterwards  recognised  as  to  its  composition  by 
Trommsdorff,  and  more  accarately  investigated  by  Ga^rin. 

Formation.  1.  By  mixing  tartaric  acid,  crystallised  or  dissolved  ia  a 
small  quantity  of  water,  with  strong  alcohol.  The  saturated  solution  of 
tartaric  acid  in  absolute  alcohol  forms  tartrovinic  acid,  when  set  aside 
for  23  days  even  at  ordinary  temperatures,  but  much  more  if  con- 
tinuously heated.  Spirit  of  90  per  cent,  likewise  produces  this  acid. 
(Trommsdorff.) 

Preparation,  1.  Pulverised  tartaric  acid  is  dissolved  in  an  equal 
weight  of  boiling  absolute  alcohol;  the  solution  kept  for  six  hours  at 
60°  to  70°;  the  resulting  yellowish  syrup  diluted  with  water  and  satu- 
rated with  carbonate  of  baryta;  the  solution  filtered  from  the  small 
quantity  of  tartrate  of  baryta  formed  at  the  same  time,  concentrated  at 
40°  to  50°,  again  filtered  to  separate  the  fresh  quantity  of  tartrate  of 
baryta  thereby  formed,  and  left  to  evaporate;  the  resulting  crystals  of 
tartrovinate  of  baryta  dissolved  in  water  and  decomposed  by  the  exact 
quantity  of  sulphuric  acid  required;  and  the  filtrate  evaporated  in 
vacuo  over  oil  of  vitriol  till  it  crystallises.  (Gu6rin.)  When  barvu-water 
is  nsed  instead  of  the  carbonate,  a  larger  quantity  of  tartrate  of  baryta  is  precipitated. 
(Gu^rin.)  —  2.  A  solution  of  tartaric  acid  in  an  equal  weight  of  boiling 
absolute  alcohol,  is  left  to  evaporate  to  -|  in  a  retort  between  60^  and  70''; 
and  the  syrup,  which  no  longer  contains  any  free  tartaric  acid,  diluted 
with  a  small  quantity  of  water,  and  left  to  evaporate  till  it  crystallises. 
(Gu^rin.) 

Properties.  Long,  colourless,  oblique  rhombic  prisms,  heavier  than 
water;  they  soften  at  30°,  and  at  90°  melt  to  a  syrup,  which  up  to  140% 
when  decomposition  begins,  becomes  continually  thiuner.  Inodorous; 
and  has  a  sweet  and  agreeably  sour  taste.  (Guerin.)  Morian  and  Tromms- 
dorflf,  by  evaporating  tartaric  acid  mixed  with  excess  of  alcohol,  obtained  a  residue 
-which  coagulated  to  a  soft  curdy  mass,  or  by  further  evaporation,  a  residue  of  the 
consistence  of  turpentine. 

CrtffiaU.  Guerin. 

12  C   72     ....     40-45     40-90 

10  H  10    ....       5-62     5-71 

12  O  96     ....     53-93     63-39 

C»HWO»2   178     ...  100-00     100-09 

Decompo9itions.  1.  The  acid  heated  in  a  retort  begins  to  give  aff 
fumes,  and  appears  to  boil  at  165^;  it  then  emits  carbonic  acid,  carbu- 
retted  hydrogen,  water,  alcohol,  acetic  acid,  and  acetic  ether;  the 
residue  left  after  heating  to  180°  contains  an  acid  resembling   meta- 


TARTROVINIC  ACID.  341 

tartaric  acid;  on  further  heating  to  200^,  an  erapyreamatic  oil  passes 
OTer^  together  with  a  liquid  resembling  acetone;  and  there  remains 
charcoal,  together  with  pjrotartaric  acid  and  an  oil.  (Gu^rin.)  —  2.  The 
acid  set  on  fire  in  the  air,  bums  with  a  flame  like  that  of  alcohol,  and 
the  odour  of  bunit  tartaric  acid.  (Gnlriu.)  —  3.  Distilled  three  times 
with  water  (Trommsdorff),  or  boiled  for  ten  hours  with  40  pts.  of  water 
(Gu^rin),  it  gives  off  all  its  alcohol  and  leaves  ordinary  tartaric  acid.  -^ 
When  ailuted  with  water  and  exposed  to  the  air,  it  becomes  somewhat 
mouldy,  but  deposits  crystals  of  tartrovinic  acid.  (Gu^rin.)  The  acid 
diluted  with  a  small  quantity  of  water,  and  exposea  to  the  air  in  a  flat 
dish,  deposits  ordinary  tartaric  acid.  (Morian.)  —  4.  Gently  heated  with 
nitric  acid,  it  emits  red  vapours,  together  with  carbonic  and  acetic  acid, 
and  leaves  oxalic  acid.  (Guerin.)  —  5.  It  dissolves  without  effervescence 
in  oil  of  vitriol,  and  afterwards  gives  off  on  evaporation,  carbonic  acid, 
sulphurous  acid,  sulphuretted  hydrogen,  acetic  acid,  and  traces  of  oil  of 
wine.  (Gn^rin.) 

CombiruUians,  The  acid  is  highly  deliquescent  and  dissolves  very 
readily  in  Water.  (Gn^rin.) 

The  TaHi'omnates  in  the  dry  state  =C"H»MO»=C*H»MO«,CH*0-°. 
They  generally  crystallise  well,  are  inodorous,  and  unctuous  to  the 
touch.  When  set  on  fire,  they  bum  with  an  alcoholic  flame,  and  yield 
by  dry  distillation,  carbonic  acid,  defiant  gas,  water,  alcohol,  acetic 
acid,  acetic  ether,  and  a  small  quantity  of  empyreumatic  oil,  leaving 
charcoal,  and,  in  the  case  of  the  alkali-salts,  if  the  heat  has  not  been  too 
strong,  a  pyrotartrate.  Heated  with  alkalis  to  160^—170°,  they  give 
off  alcohol,  acetic  ether  [?],  and  a  very  bitter  oil;  when  boiled  for  a  long 
time  with  water,  they  are  converted  into  acid  tartrates,  the  alcohol 
evaporating.  They  almost  all  dissolve  readily  in  water,  sparingly  in 
strong,  more  readily  in  weak  alcohol.  (Guerin.) 

« 

TariravinoUe  of  Ammonia.  —  The  acid  exactly  neutralised  with  car- 
bonate of  ammonia  yields  by  spontaneous  evaporation,  silky  needles, 
which  appear  to  be  rhombic  prisms.  (Guerin.) 

Tartrovinate  of  Potash.  —  a.  Basic  —  Eight-sided  prisms  acuminated 
with  several  faces,  and  having  an  alkaline  reaction. 

h.  Neutral.  —  Obtained  by  precipitating  the  baryta-ealt  with  sul- 
phate of  potash,  evaporating  the  filtrate  to  a  syrup,  dissolving  the  syrup 
lu  alcohol,  filtering  from  the  sulphate  of  potash,  and  leaving  the  liquid  to 
evaporate.  Colourless  prisms  belonging  to  the  right  prismatic  system. 
Fiff.  66,  without  the  ^face  and  the  two  small  faces  above  t;  y  :u=: 
101^5';  y:TO  =  n2°39';  y:y  =  134°4r;  tt :  tt' =  59"  52';  u:m  = 
119^  56';  cleave  easily  parallel  to  m;  in  very  small  crystals,  every  alter- 
nate pair  of  the  y-  and  u-faces  disappears.  (Prevostaye,  N.  Ann.  Chim. 
Phys.  3,  139;  comp.  Berahardi,  N.  Tr.  7,2,  60.)  —  the  crystals  soften 
at  200^  and  melt  at  205°;  their  taste  is  very  slightly  bitter.     They 

five  off  4  p.  c.  water  in  vacuo,  and  leave  when  burnt,  38*45  p.  c.  car- 
onate  of  potash.  Their  aqueous  solution  moderately  heated  in  the  air 
gives  off  alcohol,  and  deposits  cream  of  tartar,  the  quantity  of  which 
increases  by  continued  boiling.  They  are  insoluble  in  wood-spirit  and 
in  cold  alcohol  of  95  p.  c.  but  dissolve  very  sparingly  in  boiling  absolute 
alcohol.  (Guerin.) 
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CryitaUized.  Gueriti. 


Dumas  & 
Piria. 


KO 47-2  ....  20-96  2078 

12  C 720  ....  31-97  3220    ....    33.9 

10  H     100  ....  4-44  4-44     ....       4*5 

12  0 960  ....  42-63  42*58 

Ci2H9KO>3  +  Aq 225-2     ....  lOO'OO     100-0« 

Dumas  &  Piria  (AT.  Ann,  Chim.  Phys,  5,  375),  in  accordance  with  their  analjslsi 
suppose  klie  crystals  to  contain  no  water  ;  but  they  probably  do  contain  it. 

Tartrovinate  of  Soda.  —  Prepared  like  the  potash-salt.     Colonrless, 
rhombic^  rectangalar  lamiuee.  (Gaerin.) 

Tartravinate  of  Baryta.  —  The  acid  dropt  into  baryta- water,  formfi  a 
precipitate  of  basic  salt  easily  soluble  ih  nitric  acid,  which,  as  soon  a&  th& 
niixtare  becomes  neatral,  disappears  with  the  exception  of  a  Slight 
turbi<lity;  but  with  a  larger  quantity  of  acid,  a  fresh  precipitate  id 
formed,  less  soluble  in  nitric  acid.  Preparation  (p.  .S40).  Colourless,  slightly 
bitter,  cblique  rhombic  prisms  and  nacreous  tables.  (Gu^rin.)  Rhombic 
prisms  of  126"  to  127'^,  bevelled  with  two  faces  resting  on  two  lateral 
faces  at  angles  of  105^  to  106'.  (Prevostaye.)  The  crystals  give  off 
7*15  p.  c.  water  in  vacuo;  they  soften  at  190*'  and  melt  at  200®,  givin^^ 
off  an  odour  of  alcohol  and  ether.  They  dissolve  in  2-63  pts.  of  watet 
at  23°,  in  0*78  pt.  of  boiling  water,  are  insoluble  in  wood-spirit  and 
absolute  alcohol,  but  dissolve  sparingly  in  spirit  of  d5  per  cent.  (Gueriii.) 

Cr^'iiaU.  Guerin. 

BaO  76-6  ...  2906  28*78 

12  0    72-0  ....  27-32  27-56 

IIH   110  ..  417  4-22 

13  O    104-0  ....  39-45  39-44 


C>*H»»BaO»2+2Aq 263-6     ....  lOO'OO     lOO'OO 

GutSria  supposes  the  crystals  to  contain  1  Aq.  lesi. 

Sfroniia-toaier  is  not  precipitated  by  the  acid  in  any  proportion  (Guerin). 

Tartrovinats  of  Lime,  —  The  acid  added  to  an  excess  of  lime- water 
throws  down  a  basic  salt.  —  The  neutral  &aU  is  obtained  in  the  same 
manner  as  the  corresponding  baryta  salt.  Colourless  rectangular  prisms 
and  lamina).  Tho  crystals  contain  6  At.  water,  undergo  the  aqueous 
fusion  at  100^  the  igneous  at  210°,  and  decompose  at  2i5^  (Gu6riQ.)  — 
Tromnisdorff,  ^by  evaporating  the  aqueous  solution  of  the  lime  salt^ 
obtained  a  turpentine-like  mass,  whicu,  when  digested  with  dilute  snl- 
phuric  acid,  gavo  off  a  spirituous  odour,  and  yielded  a  filtrate  whenca 
ordinary  tartaric  acid  was  deposited  in  crystals. 

Tarlrovinate  of  Zinc.  —  Zinc  dissolves  in  tho  aqueous  acid  with 
evolution  of  hydrogen,  and  the  solution  yields  colourless  rectangalar 
prisms,  unctuous  to  the  touch.  (Gaerin.) 

Tartravinate  of  Lead.  —  The  acid  forms  with  aqueous  neutral  acetate 
of  lead,  small  colourless  prisms,  which  have  a  pearly  lustre  when  dry, 
are  insoluble  in  aqueous  tartrovinic  acid^  but  dis£onre  in  nitric  acid. 
(Guerin.) 
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Iron  dissolves  in  the  aqueous  acid,  witli  evolution  of  hydrogen. 
(Guerin.) 

Tartrovinate  of  Copper.  —  The  solution  of  cuprio  oxide  in  the  heated 
aqueous  acid  yields  hlue,  silky,  efflorescent  needles  containing  0  At. 
water.  (Gu6rin.) 

Tartrovinate  ofSUvcr.  —  1.  The  free  acid  forms  with  nitrate  of  silver, 
a  precipitate  which  does  not  dissolve -in  excess  of  acid.  —  2.  By  mixing 
the  concentrated  solution  of  the  potash  or  haryta-salt  with  excess  of 
silver-solution,  a  needle-shaped  precipitate  is  obtained,  which  must  bo 
washed  in  the  dark  with  cold  water  and  dried  below  50°,  after  which  it 
suffers  no  further  loss  in  a  dry  vacuum.  The  white  needles  when 
exposed  to  light,  assume  a  rose-red,  afterwards  a  darker-red,  and  lastly 
a  brown  colour.  They  decompose  at  100^,  whether  alone  or  under 
water.     They  are  slightly  soluble  in  water.  (Gu6rin.) 

Guerin. 

12  C   72     ....     2,V2a 

9  H  9     ....       3-16 

Ag 108     ...     37*89     37-63 

12  O  96     ...     33-69 

(M^gb" ^^5   ....  100-00 

TartroTsnio  acid  dissolves  veiy  readily  in  alcohol,  but  not  in  ether. 
(Qucrin.) 


Tartrate  of  Ethyl. 

Dbmoj«desib.    Compt  rend.  33,  227 j  Aim.  Fkarfii.  80,  301. 

Xnnic  or  Ethifttc  Tartrate,  Tartaric  ether. 

IT.  Formed  by  passing  hydrochloric  acid  into  an  alcoholic  solution 
of  tartaric  acid,  neutralizing  the  acid  liquid  with  a  carbonate,  and 
agitating  several  times  with  ether,  which  dissolves  out  the  tartrate  of 
ethyl,  and  leaves  it  behind  when  evaporated.  Tartaric  ether  thus 
obtained  is  a  liquid  ifrhich  acts  upon  polarized  light.  It  supports  a  high 
teinperature  without  decomposing,  but  when  heated  to  a  certain  point, 
yields  considerable  quantities  of  pvrotartaric  acid;  it  is  completely 
decomposed  by  dry  distillation.  When  treated  with  ammonia,  it  yields 
tartramic  ether  or  tartramide,  according  to  the  time  for  which  the  action 
is  continued.     It  mixes  in  all  proportions  with  water.  (Demondesir.)  IT. 

Scheele  {Opusc.  2,  142)  did  not  succeed  in  any  way  in  preparing  a  compound  of 

this  nature. 

Thenard  (Mem.  d'Arcueil,  2,  13),  by  heating  7  pU».  of  alcohol  with  6  pU.  of 
tarUric  acid  and  2  pts.'of  oil  of  vitriol  till  ether  began  to  form ;  then  dilutmg  with  water ; 
nentrtliiing  exactly  with  carbonate  of  potash  ;  evaporating  to  dryneRS  :  exhausting  the 
residue  with  cold  alcohol ;  and  evaporating  the  filtrate :  obtained  a  brown,  inodorous, 
iwmewhat  bttter,  neutral  aynip,  which,  when  heated,  gave  off  thick  vapours  ameUing 
of  garlic,  and  left  a  non-alkaline  charcoal,  together  with  a  large  quantity  of  sulphate  of 
potash  [probably  proceeding  from  sulphovinite  of  potash],  which  residue  was  resoved 
by  distillation  with  aqueous  potash  into  alcohol  and  tartrate  of  potash,  and  dissolved 
very  readily  in  w^ter  and  alcohol. 

Tartrate  of  Metkfl,  C^H^O"  =  2CH»0,C»H*0",  in  prepared  in  a 
similar  manner  to  tartrate  of  ethyl.    (Demondesir.) 
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IT.    Tartramic  Acid  (?NH^O". 

Laubent.     CompU  Cfhim.  1845,  153. 
Demondesib.     Oompt,  rend.  33,  227. 

Formation,  1.  Bj  the  action  of  ammonia  on  anhydrous  tartaric 
acid.  (Lanrent).  •— 2.  By  the  action  of  ammonia  on  tartaric  ether. 
When  tartaric  ether  is  treated  with  alcoholic  ammonia,  tartramate  of 
ethyl,  or  tartramethane  is  produced;  and  this  compoand  carefnlljr 
treated  with  alkalis,  yields  tartramic  acid  (Demondesir.)  —  There  are 
two  varieties  of  this  acid,  corresponding  to,  and  obtained  from,  the  two 
opposite  varieties  of  tartaric  acid  (p.  365).  They  crystallise  in  rhombic 
prisms  of  the  same  form,  bat  with  opposite  hemihedral  faces. 
(Pastenr.) 

OUeuUUioH, 

8  C 48  ..  .  32-21 

N 14  ....  9-39 

7  H 7  ....  4-69 

10  O    80  ...  63-71 

CWH^O*    149    ....  100-00 

Add  tartrate  of  ammonU  mtmif  2  At  water :  C^H70U>-C>H*(NH4)Oi>-2HO. 

By  the  continued  action  of  ammonia^  tartramic  acid  is  converted  into 
tartramlde. 

Tartramaie  of  Ammonia  is  obtained  bypassing  a  current  of  ammo- 
niacal  gas  over  anhydrous  tartaric  acid  moistened  with  alcohol.  Two 
strata  of  llauid  are  then  formed,  the  upper  of  which  is  alcohol,  while  the 
lower  con  tarns  tartramate  of  ammonia.  —  This  salt  is  liquid  at  ordinary 
temperatures;  when  heated,  it  gives  off  water,  and  is  converted  into  a 
slightly  crystalline  solid  mass.  It  dissolves  in  all  proportions  in 
water,  but  is  insoluble  in  alcohol,  which  precipitates  it  from  its  aqueous 
solution  in  the  liquid  form.  (Laurent,  comp,  p.  337.) 

ft 

Tartramate  of  Lime.  —  The  aqueous  solution  of  tartramate  of  am- 
m^onia  does  not  precipitate  chloride  of  calcium;  but  on  pouring  alcohol 
into  a  mixture  of  the  two  salts,  a  copious  precipitate  is  formed,  which 
agglutinates  by  boiling.  The  liqueous  solution  of  this  salt  is  gradually 
resolved  by  boiling  into  ammonia  and  acid  tartrate  of  lime.  It  does  not 
precipitate  bichloride  of  platinum.  (Laurent.) 

TartraTnate  of  Ethyl  or  TariraTfieOuine.  C"NH"0^»  =  C»NH«(C*H»)Ow 
is  obtained  by  the  action  of  an  alcoholic  solution  of  ammonia  on  tartaric 
ether^  care  being  taken  that  the  action  does  not  go  too  far.  (Demondesir.) 


V.    Tartramide.    C«N»H*0^ 

Demoxdesib.     Compt.  rend.  33,  229. 

Pastbub.     Compt.  rend.  35,  176;  N.  Ann-  Chim.  Fkt/8.  38,  437. 

Obtained  by  the  prolonged  action  of  ammonia  on  tartaric  ether. 
(Demondesir.)  It  is  a  crystallisable  body  which  acts  upon  polarised 
light.  The  crystals  which  foriii  in  a  solution  containing  a  small  quantity 
of  ammonia,  exhibit  hemihedral  faces,  but  those  which  separate  from 
solution  in  pure  water  are  rarely  hemihedral.  (Pasteur.) 
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Calculation, 

8  C 48  ....  32-43 

2  N 28  ....  18-91 

8  H 8  ....  6-40 

8  0 64  ....  43-26 

OWH808    148     ....  100-00 

Neutral  Urtrate  of  ammonia  minvs  4  At.  water:  C^N'HH)^«C8HVNU<)K)i^^ 
4H0. 

Tartramide  exhibits  two  varieties,  one  of  which  turns  the  plane  of 

polarization  to  the  right,  the  other  to  the  left.     Both  varieties  combine 

with  active  nialamide,  (p.  249,)  forming  compounds  which  have  the  same 

composition,  but  differ  in  crystalline  form  and  in  solubility,  that  which 

contains  the  Isevotartramide  being  much  the  more  soluble  of  the  two. 

(Pasteur.) 

t.    Nitrotartaric  Acid. 

Dkssaignes.     Compt.  reiid,  34,  731.     Ann.  PJiarm^  82,  362. 

Finely  pulverized  tartaric  acid  dissolves  rapidly  in  4^  times  its 
weight  of  monohydrated  nitric  acid;  and  on  mixing  the  solution  with 
an  equal  volume  of  oil  of  vitriol,  the  mixture  coagulates  into  a  firm 
white  gelatinous  mass  of  nitrotartaric  acid,  which,  when  left  for  a  day  or 
two  between  two  plates  of  porous  earthenware  under  a  bell-jar,  to 
remove  the  greater  part  of  the  oil  of  vitriol,  yields  a  light,  white,  silky 
mass,  giving  off  copious  white  fumes  on  exposure  to  the  air.  It  is  purified 
by  dissolving  it  in  tepid  water,  and  immediately  cooling  the  solution  to 
0  ,  whereupon  the  liquid  solidifies  in  a  mass  of  silky  interlaced  crystals, 
which,  when  pressed  in  a  funnel,  give  out  a  large  quantity  of  mother- 
liquor,  and  diminish  considerably  in  volume;  the  purifieation  is  com- 
Y)leted  by  pressing  the  crystals  between  filtering  paper. 

The  acid  is  very  instable.  The  crude  product  first  obtained,  when 
exposed  to  a  moist  atmosphere,  gives  off  copious  white  fumes  of  nitric 
acid,  and  is  ultimately  reconverted  into  tartaric  acid.  On  saturating  the 
acid  with  ammonia,  and  heating  the  solution,  after  addition  of  hydro- 
sulphate  of  ammonia,  it  decomposes  with  effervescence,  deposits  a  con- 
siderable quantity  of  sulphur,  and  the  filtered  solution  yields  by  concen- 
tration crystals  of  neutral  tartrate  of  ammonia.  (Dessaignes.) 


Appendix  to  Nitrotartaric  Acid. 

Tartronic  Add.    CHK)". 

Dessaignes.  vid.  Memoir  above  cited. 

Formation  and  Preparation.  By  the  spontaneous  decomposition  of 
nitrotartaric  acid,  either  in  the  state  of  aqueous  solution,  or  in  combination 
with  potash  or  lead-oxide.  —  An  aqueous  solution  of  nitrotartaric  acid 
decomposes  at  a  few  degrees  above  0  ,  continuing  for  several  days  to  give 
off  carbonic  acid  and  nitric  oxide;  and  if,  when  this  decomposition  is  at  an 
end,  the  liquid  be  heated  to  40°  or  50°,  carbonic  acid  escapes  with  effer- 
vescence, and  the  nitrotartaric  acid  is  transfonned  into  oxalic.  But  if  the 
temperature  be  prevented  from  rising  above  30%  very  little  gas  is  evolved, 
and  the  liquid  ultimately  deposits  crystals  of  tartronic  acid. 
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Pixyperties,  Bulky  prisms  which  sometimes  remain  traDSparent  on 
exposure  to  the  air,  sometimes  become  opaque,  and  assume  a  fibrous 
texture.     The  latter  crystals  give  off  no  water  at  100°. 

Crystals  dried  in  vacuo.  Dessdgnes. 

G  C 36     ....     3000  3000     ....     30-41 

4  H 4     ....       3-33  3-38     ....       364 

10  0 80     ....     6607  66-62     ....     65*95 

C«U*0»» 120     ....  10000     10000     ....  10000 

The  crystals  melt  at  17.^^  giving  off  gas  and  a  mere  trace  of  water, 
and  leave  an  amorphous,  very  slightly  coloured  residue,  nearly  insoluble 
in  water.  By  rapid  distillation  over  a  lamp,  they  yield  another  acid, 
crystalline,  volatile,  aud  easily  soluble.  * 

The  aqueous  solution  of  tartronic  acid  is  not  altered  by  boiling.  It 
does  not  precipitate  acetate  of  potash,  chloride  of  barium,  chloride  of 
calcium,  sulphate  of  magnesia,  ferric  chloride,  or  cupric  sulphate,  even  in 
presence  of  excess  of  ammonia;  but  it  forms  precipitates  with  nitrate  of 
lead,  nitrate  of  silver,  mercurous  nitrate,  and  mercuric  chloride;  also 
with  the  acetates  of  baryta,  lime,  and  cupric  oxide;  the  lime-precipitate 
is  soluble  in  sal-ammoniac. 

With  Ammonia^  tartronic  acid  forms  a  neutral  and  an  acid  salt,  whence 
it  appears  to  be  bibasic,  and  homologons  with  malic  acid,  C^HH}**.  — 
^he  neutral  salt  forms  precipitates  with  chloride  of  barium,  chloride  of 
calcium,  and  bichloride  of  platinum.  —  The  acid  salt  crystallises  in 
beautiful  prisms. 

Silver-salt,     Obtained    Ly  precipitating  nili-ate   of  silver  with  the 

aqueous  acid.  2)ried  in  vacuo.  Dcssaigncs. 

6C 36  ....  10-77  10-74 

2  H 2  ....  0-CO  0-70 

2  Ag  216  ....  64-67  64-53 

10  0 80  ....  23-96  24-05 

C«HUg*OW  334     ...  10000     10000    f. 


Bacemic  Acid- 

John    in  his  I/andioorterhuch  der  Chemie^  4,  125. 

Gay-Lussac.     J.  Chim.  med,  2,  335;  also  Schw.  48,  38. 

Walciiner.     Schw,  49,  239,  and  epistolary  communication. 

B£Rzi:uus.     Fogg,  19,  305;  36,  1. 

Fresenius.     A7in,  Pharm,  41,  1;  53,  230. 

Wertheu.     J,  pr,  C/iem.  32,  385. 

Pasteur,     y.  Ann.  Chim,  Fhys.  24,  442.  —  Coinpt,  rend,  28,  477;  20, 

297.  —  Further:  Compt,  rend,  36,  1.9. 
Biot's  Report  upon  Pasteur.  Compt,  rend.  29,  433. 
Artificial  Formation  of  Racemic  acid:  Pasteur,  Compt.  rend,  37,  162; 

hutit,   1853,    257;    Arch.  Fh,    KaL  24,  83;  Fogg.  Ann.    9,  504; 

J,pr,  Cliem.  60,  134;  Ann.  Pharm,  88,  211;  Pharm.   Centr.  1853, 

613;  Cli^m.  Soc.  Qu,  J.  6,  277;  Chem,  Gaz.  1853,  401. 

Paratartaric  acid,  Vvie  acid^  DrauhentHure,  Vogesemfmtrr^  ParatarttrsHvr^, 
Aeitk  raetmique,  Aeide  paratartrique,  Acidum  uificum,  •—  Obtained  and  I^OOff- 
nized  as  a  peetiliar  acid  by  Kestner,   the  proprietor  of  a  lai^  che- 
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mical  in»uafaotory  at  TbanD,  in  the  Vosges,  in  the  preparation  of 
tartario  acid,  only  in  the  years  1822 — 1824,  but  in  large  quantity.  It 
remains  undecided,  "whether  the  tartar  then  employed  contained  the 
racemic  acid  ready  formed,  or  whether  this  acid  was  produced  from  iho 
iisomeric  body,  tartaric  acid,  by  the  mode  of  preparation  then  employed 
It  appears,  however,  from  a  communication  made  to  the  author  by 
Kestner,  that  the  tartaric  acid  was  at  that  time  separated  from  the  lime 
by  a  considerable  excess  of  sulphurio  acid,  and  that  the  aqueous  acid, 
after  being  decolorized  by  chlorine,  was,  in  part,  exposed  for  a  considerable 
time  to  a  freezing  temperature,  the  racemic  acid  then  crystallisin«r  out, 
whereas  the  present  practice  is  to  evaporate  the  acid  to  tiie  crystallising 
point  immediately.  Since  Kestner,  in  the  years  just  mentioned,  likewise 
worked  up  Italian  tartar,  and  White,  a  manufacturer  of  tartaric  acid  in 
Glasgow,  also  (about  25  years  ago),  obtained  racemic  acid  by  the  use  of 
tartar  from  Naples  and  Sicily,  and  from  Oporto,  it  is  rather  to  be  sup- 
posed that  climate  has  some  influence  on  the  formation  of  racemic  acid  in 
the  grape.  {Compt.  rend,  29,  5*2^^  and  557.) — ^.  Kestner  has  siuco 
(in  1850),  obtained  small  quantities  of  racemic  acid,  together  with  tar- 
taric acid,  in  working  French  and  Tuscan  tartar.  (Compt.  rend.  36,  17.) 
It  appears  also  from  Pasteur's  observations  of  numerous  tartaric  acid 
manufactories  in  Germany,  that  racemic  acid  exists  in  tartar  from  the 
mo^-t  various  localities,  though  in  variable  quantity,  and  diminishing  in 
the  refining  of  the  tartar.  In  Fikentscher's  manufactory  at  Zwickau,  in« 
particular,  the  occurrence  of  racemic  acid  in  small  quantity  has  long 
been  observed.  These  observations  show,  that  racemic  acid  is  not  so 
rare  and  isolated  a  product  as  was  formerly  supposed,  although  it  has 
never  again  been  obtained  in  so  large  a  quantity  as  on  the  occasion  of  its 
first  discovery.  Pasteur  has  lately  shown,  that  racemic  acid  may  be 
prepared  at  pleasure  from  tartaric  acid  by  an  artiQcial  process  {yid.  inf.). 

Fotmation,  By  the  action  of  heat  on  tartrate  of  cinchonine  and  on 
tartaric  ether.  When  tartrate  of  cinchonine  is  heated,  the  base  first 
underp^oes  alteration,  being  transfonned  into  cinchouicine  and  then  into 
chinoTdine  (ifid.  Cinchonine);  and  afterwards  the  alteration  extends  to 
the  acid,  which,  in  the  course  of  6  or  6  hours,  is  partially  converted 
into  tacemic  acid.  The  rcfi<inoue  product  is  exhausted  with  boiling  water, 
and  the  filtrate,  when  cool,  mixed  with  excess  of  tshloride  of  calcium, 
whereupon  it  yields  an  immediate  precipitate  of  racemate  of  lime.  The 
acid  separated  from  the  lime-^alt  thus  obtained,  exhibits  ail  the  proper- 
ties of  natural  racemic  acid.  —  Racemic  acid  is  also  obtained  by  heating 
tartaric  ether:  whence  it  appears  that  the  conversion  of  tartaric  into 
racemic  acid  does  not  require  the  presence  of  an  optically  active  sub- 
stance (such  as  cinchonine),  but  that  the  union  of  the  tartaric  acid  with 
another  body,  merely  enables  it  to  sustain  a  stronger  heat  without 
decomposition.  — Antitartaric  or  la3votartaric  acid  (p.365),  likewise  yields 
racemic  acid  under  the  same  circumstances  as  ordinary  (dextro-)  tartaric 
acid.  As  racemic  acid  is  a  compound  of  these  two  opposite  varieties  of 
tartaric  acid  {vid,  p.  3G5),  it  appears  that  the  formation  of  racemic  from 
tartaric  acid  by  heat,  really  consists  in  the  conversion  of  a  portion  of 
the  dextrotartaric  into  hevotartaric  acid,  or  vice  versa.  (Pasteur.)  IT. 

By  drying  at  100°  to  150°,  crystallised  racemic  acid  is  converted  into 
the  anhydrous  acid. 

Prop«rti«.  White  effloresced  mass,  inodorous,  having  a  stronger  acid 
taste  tban  tartaric  acid,  and  reddening  litmus  strongly.     The  aqueous 


348         PRIMARY  NUCLEUS  C^Hu:  OXTGRN-NUCLEUS  CSH«0«. 

solutioDS  of  racemic  aoid  and  its  salts  do  not  act  upon  polarised  light. 
(Biot.) 

BjfiareBced  Acid. 

8C    48     ....     32 

6  H  6     ....       4 

12  O   ....: 96     ....     64 

C?HH)«    150    ...  100 

The  ndical  theory  aaramea  a  hypothetical  anhydroua  acid»C^H^O»U. 

DecomposiiioTis,  1.  After  the  crystallised  acid  has  given  off  all  its 
water  of  crystallisation  at  150°,  it  remains  nnaltered  up  to  200°,  but  at  a 
higher  temperature,  melts,  and  is  converted,  with  effervescence,* first  into 
pa^tartralic,  then  into  paratartrelic  acid,  and  lastly,  into  paratartaric 
anhydride.  (Fremy,  Ann.  Chim.  Phys,  68,  378.)  The  formation  of  para- 
tartralic  acid  is  preceded,  without  loss  of  water,  by  that  of  an  aoid  which 
corresponds  to  metatartaric  acid,  and  whose  ammonia-salt  may  be  distin* 
guished  by  the  microscope  from  that  of  racemic  acid.  (Laurent  &  Ger- 
hardt,  CompU  Chim,  1829,  11  and  504.)  — According  to  Lowig  {Pogg,  A2,  588), 
racemic  acid  may,  by  careful  heating,  be  converted  into  tartaric  acid. —  The  effloresced 

acid,  when  subjected  to  dry  distillation,  melts,  turns  grey,  swells  up,  and 
yields  exactly  the  same  products  as  tartaric  acid.  (Berzelius,  Pelouze.) 
When  heated  alone,  it  swells  up  at  185°  to  190°,  and  afterwards,  between 
195°  and  200°,  ^ves  off  a  large  quantity  of  a  gas,  of  which  only  90  p.  c. 
^8  absorbed  by  potash;  if  the  acid  is  mixed  with  spongy  platinum,  the 
copious  evolution  of  gas  takes  place,  even  between  185°  aud  190°,  and  the 
portion  not  absorbed  by  potash  amounts  to  only  3  or  4  per  cent;  if  the 
acid  is  mixed  with  pumice-stoue,  the  evolution  of  gas  takes  place  even  at 
175°,  and  the  gas  is  entirely  absorbed  by  potash,  with  the  exception  of  a 
mere  trace.  (Reiset  &  Millon,  y,  Ann.  Chim.  Phys.  8,  785.) 

8.  The  acid  decomposes  with  bichromate  of  potash  and  water  in  the 
same  manner  as  tartaric  acid  (p.  270),  but  with  less  violence.  (Winckler.) 
Similarly,  P0ttger.  (Beitr. 2, 126. )  —  i.  It  takes  fire  when  triturated  with  8  pts. 
of  peroxide  of  lead.  (Bottger,  Beilr.  2,  38.)  —  5.  Heated  with  sulphurie 
acid  and  peroxide  of  manganese,  it  yields  a  very  large  quantity  of  carbonic 
acid,  together  with  acetic  acid.  ( Walchner.)  —  6.  It  reduces  the  oxide 
o{  gold  or  «i7t;fr  dissolved  in  an  acid.  (Walchner.)  —  7.  Its  dilute  aqueous 
solution  becomes  mouldy  by  keeping.  (Walchner.) 

.Combinations.  With  Water.  —  a.  Crystallised  Racemic  acid.  —  The 
acid  crystallises  from  its  aqueous  solution  in  transparent,  colourless^ 
oblique  rhombic  prisms,  belonging  to  the  doubly  oblique  prismatic  system. 
Fig.  125°,  to  which  may  also  be  added  the  faces  h  (between  y  and  q); 
a  (between  y,  q,  v.  and  te);  and  w  (between  t  and  t*);  y  :  tr  =  107*  28'; 
y  :  6  =  153°  54';  6  :  g  =  147°  bQ';  y  :  ti  =  51°  27';  a:z  =  123°  32'; 
V  :  w  =  69°  15';  v  :  z  =  129°  51';  «  :  w  =  152°  54';  w  :  u  =:  146°  30' 
(Prevostaye,  JV.  Ann.  Chim.  Phys.  3,  129;  comp.  Bernhardi,  Repert.  49, 
395;  Gu6rin  Varrv,  Ann.  Chim.  Phys.  62,  71;  Wackenroder,  J.  pr. 
Chem.  23,  207;  Defffs,  Jahrb.  pralct.  Pliarm.  8,  378;  Rammelsberg,  Pogg. 
96,  29.)  —  The  crystals  are  permanent  in  the  air,  becoming  partially 
opaque  only  in  warm  air  (Walchner),  and  ^ve  off  all  their  water  in  a 
current  of  dry  air  at  100°.  (Berzelius.) 

Cryttallised.  Berzeliua.     Fresenius. 

C8H«0«  150  ....  89-29  89-37  ....  89-60 

2  HO 18  ....  10-71  10-63  ....  10-40 

p«H«0"  +  2Aq 168  ....  10000  lOO'OO  ....  lOO'OO 
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h.  Aqueous  Racemic  acid,  —  The  ozyBtallised  acid  dissolves  in  5*7  pts. 
of  odd  water.  (Walcliner.) 

Racemic  acid  appears  to  have  a  still  stronger  affinity  for  bases  than 
tartaric  acid.  But  the  alcoholic  solution  of  the  acid  does  not  decompose 
any  carbonate  if  water  be  absent  (Pelonze);  because  racemates  are  not 
soluble  in  alcohol.  (Braconnot.)  The  forninla  of  the  Jiacemates  is  the 
same  as  that  of  the  tartrates.  The  crystals  of  racemates  never  exhibit 
those  hemihedral  forms  which  characterise  the  tartrates,  and  their  solu- 
tions do  not  exert  any  rotatory  action  on  polarised  light.  (Pasteur.) 

Racemate  op  Ammonia.  —  a.  Neutral.  —  Obtained  by  neutralising 
the  acid  with  ammonia,  and  evaporating,  best  over  lime  within  a  bell-jar. 
Transparent,  colourless,  four-sided  prisms.  (Frescnius.)  Right  prismatic 
system,  Fig,  66,  but  without  the  m-face  and  the  two  small  faces  below 
o,  a;  on  the  other  hand,  they  have  the  face  n  right  and  left  of  t^  and  a 
triangular  face  below  y.  y  :  y  =  118°;  y  :  a  =  169°;  m  :  «'=  80°  30'; 
u  :t=  130°  15';  u  :  n  =  160°  50'.  (Prevostaye.)  —  Tho  crystals  become 
tnrbid  in  the  air  from  loss  of  ammonia,  very  quickly  at  100°;  the  aque- 
ous solution  also  gives  off  ammonia  when  left  to  evaporate;  acetic  acid 
added  to  the  aqueous  solution  throws  down  the  salt  6.  —  Easily  soluble 
in  water,  nearly  insoluble  in  alcohol.  (Fresenius.) 

QystallUed,  Fresenius.  4 

8  C  48  ....  2G-09  26/6 

2  N 28  ....  15-22  15-47 

12  H 12  ....  6-52  6-54 

12  O 96  ....  52*17  51-23 

C8H*(NH^)*0« 184     ...  100-00     10000 

b,  Jctc^.  — -When  1  pt.  of  the  acid  is  neutralised  with  ammonia,  and 
1  pt.  more  afterwards  added  in  the  cold,  tho  ticid  salt  is  precipitated  in 
the  form  of  a  crystalline  powder;  if  the  process  be  performed  at  a  higher 
temperature,  and  the  liquid  then  rapidly  cooled,  the  acid  salt  separates  in 
needles  and  four-sided  lamina;  but  by  slow  cooling,  it  crystallises  in 
prisms  belonging  to  the  singly  oblique  prismatic  system.  The  crystals 
oecome  tabular  by  predominance  of  the  oblique  terminal  face.  The  salt 
is  permanent  in  the  air,  even  at  100°;  reddens  litmus;  dissolves  in  100  pts. 
of  water  at  20°;  much  more  abundantly  in  hot  water;  easily  in  mineral 
acids;  but  is  insoluble  in  alcohol .  (Fresenius.) 

8  C  

N  

9  H 

12  O  


Fresenias. 

48 

•  a  •• 

28-74     .., 

29-14 

14 

•  ■  •• 

8-38     .. 

8-43 

9 

•  •  •  • 

5-39     .. 

5-39 

96 

•  •  *■ 

57-49     .. 

5704 

C»H*(NH<)OM 167     ....  10000    100-00 

Racemate  op  Potash.  —  a.  Neutral.  —  Tho  aqneous  acid  saturated 
with  carbonate  of  potash,  yields,  by  rapid  evaporation,  a  saline  crust;  by 
slow  evaporation,  large,  hard,  transparent,  colourless,  four-sided  prisms 
permanent  in  the  air,  and  having  a  cooling  saline  taste.  (Fresenius.) 
Fig.  70,  often  with  m^faces,  and  with  the  edges  between  p  on  the  one 
side  and  u.  t,  and  m  on  the  other,  truncated;  i  :  w  =  128°  30'  (Pasteur, 
N.  Ann.  Chim.  Fhys.  24,  453;  28,  93.)  —  The  crystals  give  off  all  their 
water  at  100°  with   efflorescence    but  sustain  a  heat  of  200°  without 
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farther  decomposition;  they  dissolve  in  0*97  pts.  of  water  at  25^,  bat  are 
nearly  insoluble  in  alcohol.  From  the  concentrated  aqueous  solution 
raceinic  acid  and  the  stronger  mineral  acids  throw  down  the  acid  salt. 
(Fresenius.) 

Cryaiah.  Presenilis. 

2  KO  94-4     ....     36-97     3578 

CSH^O'o  1320    ....     50-31 

4  HO  36  0     ....     13-72     13-86 

C8H<K-0»  +  4Aq   262-4     ....  100-00 

h.  Acid,  —  Racemic  forms  a  granular  precipitate  in  a  saturated  solu- 
tion of  chloride  of  potassium.  (Geiger^  Mag,  Pharm.  20,  349.)  Prepared 
like  the  acid  animunia-salt,  either  as  a  crystalline  powder,  or,  by  cooling 
of  the  hot  liquid,  in  four-sided  tahles.  i  he  crystals  have  a  sour  taste; 
are  permanent  in  the  air,  even  at  100°;  dissolve  in  180  pts.  of  water  at 
19°;  in  139  pts.  at  25°;  in  14*3  pts  of  boiling  water;  eajsily  in  mineral 
acids,  but  are  insoluble  in  alcohol.  (Fresenius.) 

Crystals,  Fresenias. 

KO 472     ....     25-08     24-95 

C»H*0" 141-0     ....     74-92 

CTl^KO" 188-2     ...    100-00 

Racemate  of  Boracic  add  arid  Potash. —  By  dissolving  1  At.  boracic 
acid  and  2  At.  acid  racemate  of  potash  in  water,  and  evaporating  at  100°; 
a  white,  almost  crystalline,  friable,  acid  mass  is  obtained,  which  does  not 
hecome  moist  by  exposure  to  the  air,  but  dissolves  readily  in  water. 
(Fresenius.) 

Racemate  of  Potasli  and  Ammo7na.  —  The  aqueous  solution  of  tlie 
acid  potash-salt,  supersaturated  with  ammonia  and  evaporated  over  lime 
in  vacuo,  yields  at  the  bottom  of  the  vessel,  a  few  regular  crystals,  con- 
sisting almost  entirely  of  ammonia-salt,  and  on  the  sides,  effloresced 
saline  crusts,  which  contain  more  than  3  At.  potash  to  1  At.  ammonia, 
and  are  rather  to  be  regarded  as  a  mixture.  (Fresenius.)  — According  to 
Pasteur,  racemate  of  potash  and  ammonia  crystallises  with  difficulty  in 
striated  rectangular  prisms,  whose  lateral  edges  are  truncated  with  u-iwoes, 
often  to  the  ohliteration  of  t  and  m;  t  :  u*  =:  130°  45'. 

Racejiate  op  Soda. — a.  Xeutral.  —  Crystallises  \ety  readily  in 
transparent,  colourless,  four  and  six-sided  prisms  (Walchner),  belonging  to 
the  right  prismatic  system  (Fresenius;  Pasteur,  N.  Ann.  Chim.  Phys.  28, 
93);  permanent  in  the  air  even  at  100°  (Walchner,  Fresenius);  soluble  in 
2'63  pts.  of  water  at  25°,  insoluble  in  alcohol:  the  dilute  solution,  when 
exposed  to  the  air,  becomes  mouldy,  and  forms  carbonate  of  soda. 
(Walchner.) 

Crystals.  Fresenius. 

2  NaO  02-4     ....     32-10 31*97 

C»n^OW 132-0     ....     C7-90 

C«Il»NVOi2 194-4    ....  100-00 

h.  Acid.  —  The  salt  a  and  racemic  acid  in  equal  numbers  of  atoms  are 
dissolved  in  a  small  quantity  of  boiling  water;  the  salt  h  precipitated 
from  the  solution  by  alcohol  in  the  form  of  a  crystalline  povrder;  and 
subsequently  crystallised  from  iiot  water.  Small,  transparent,  colourless, 
highly  lustrous  prisms,  belonging  to  the  oblique  prismatic  svstem,  with 
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Biriated  lateral  faces.  Thej  have  an  agreeably  sonr  taste;  are  per- 
manent in  the  air  at  ordinary  temperatures,  but  effloresce  at  100^,  with, 
loss  of  9-41  p.  c.  (2  At.)  water;  dissolve  in  11*3  pts.  of  water  at  19°,  and 
in  a  much  smaller  quantity  of  boiling  water;  but  are  insoluble  in  alcohol. 
(Fresenius.) 

Crystals,  Freseniuit. 

NaO  31-2     ....     16-40     16-28 

C«H*0" 1410     ....     7413 

2  HO    180     ....       9-47     9-41 

C8H5NaO»2  +  2Aq 190-2     ....  100-00 

JiacemcUe  of  Soda  and  Ammonia.  —  The  aqaeous  solution  of  the  acid 
soda-salt,  supersaturated  with  ammonia  and  evaporated  over  Ume  under 
a  bell-jar,  yields  lar^e,  hard,  transparent,  colourless,  four-sided  tables, 
belonging  to  the  doubly  oblique  prismatic  system.  (Fresenius.)  The 
crystals  agree  exactly  in  form,  angles,  double  refraction,  specific  gravity 
(=  1*58),  and  composition,  with  those  of  the  tartrate  of  soda  and 
ammonia;  bat  their  solution  exerts  no  rotatory  action  on  polarised  light 
(Mitscherlich,  Compt  rend.  19,719.)  The  crystals  effloresce  in  the  air, 
especially  in  hot  air,  giving  off  water  and  ammonia.  They  dissolve 
readily  m  water,  and  then  give  off  ammonia  on  boiling.  (Fresenius.) 
The  crystals  consist  half  of  tartrate  of  soda  and  ammonia  and  half  of 
anti tartrate;  but  every  time  that  the  entire  mass  of  crystals  is  dissolved, 
the  racemate  is  reproduced.  (Pasteur,  p.  365.) 

Crystals,  Fresenius. 

NH^O 2G-0  ....  12-55 

NaO   31-2  ....  15-06     15-08 

C8H<0>o 132-0  ....  63-70     62-60 

2  HO 180  ....  8-G9 

C«H^NH(NH^)0«  +  2Aq 207-2     ...'.  100-00 

The  crystals  examined  by  Mitscherlich  contained  8  Aq. 

Eacematt  of  Soda  and  Totatk.  —  First  obtained  by  Mitscherlich  {JPogg,  57, 
484),  whereas,  in  the  bands  of  Bfrzelius,  Fre.<ienius,  and  the  author,  the  preparation 
formerly  did  not  succeed,  the  simple  salts  crystallising  out  separately. —  1.   One  half 

of  the  aqueous  acid  ie  neutralised  with  potash,  the  other  half  with  soda, 
and  the  mixture  left  to  evaporate  spontaneously  in  summer.  — 2.  A 
boiling  aqueous  solution  of  the  acid  potash-salt  is  neutralised  with  carbo- 
nate of  soda,  then  evaporated  and  cooled,  or  left  to  evaporate  sponta- 
neously. Large,  transparent,  colourless,  hard  rhomboiVlal  prisms  and 
tables,' belonging  to  the  doubly  oblique  prismatic  system.  They  effloresce 
only  at  a  summer  temperature  and  on  the  surface.  Their  powder  mixed 
with  sand  gives  off  all  its  water  in  two  hours  at  1 00°;  between  90°  and 
100°,  they  molt  to  a  clear  viscid  liquid,  which  at  100°  gives  off  only 
22*41  p.  f.  water  in  seven  hours;  and  between  1 50  and  200°,  boils  briskly, 
becomes  gradually  turbid,  and  then  solidifies  in  a  white  compact  mass, 
which,  if  the  heat'has  not  risen  above  1D0°,  consists  of  dry  unaltered  salt. 
But  at  200°,  it  begins  to  turn  brown,  then  swells  up  with  an  odour  of 
burnt  sugar,  and  leaves  charcoal  mixed  with  the  carbonates  of  the 
alkalis.  — The  crystals  dissolve  in  1-32  pt.  water  at  6°,  in  every  propor- 
tion of  hot  water,  and  separate  therefrom  unaltered.  (Fresenius,  Ann, 
Fharm,  53,  230.)  —  This  double  racemate  also  exists  only  in  the  state 
of  aqueous  solution.     When  crystallised,  it  yields  crystals  of  tartrate 
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(Roclielle  salt)  and  aniitartraie  of  soda  and  potash  ia  equal  parts. 
(Pasteur.) 

Crystals.  Fresenius.- 

KO 47-2     ....  16-72  16-66 

NaO    31-2     ....  1104  1107 

C«HWo  1320     ....  46-74 

8  HO 720     ....  25-50  25-33 

C8H<KNaO»i  +  8Aq 282-4     ....  lOO'OO 

Racemate  of  Boracic  acid.  Soda,  and  Pokt^,  —  When  1  pt.  of  crys- 
tallised borax  is  digested  with  3  pts.  of  acid  racemate  of  potash  and  with 
water,  and  the  filtrate  evnporatcd,  there  is  obtained  at  100^  a  white  mass, 
which  becomes  moist  when  exposed  to  the  air,  and  exactly  resembles  the 
Boraxweinstein  of  the  German  pharmacopoeas. 

A  similar,  but  more  deliquescent  mass  is  obtained  with  acid  racemate 
of  soda.  (Fresenius.) 

Racemate  op  Baryta. —  1.  The  acid  forms,  with  baryta- water, 
white  flakes  soluble  in  excess  of  the  acid  (Walchner);  but  the  clear 
solution  becomes  turbid  in  a  few  seconds,  and  deposits  nearly  all  the  salt 
in  the  neutral  state,  and  in  tlie  form  of  a  crystalline  powder;  the  small 
quantity  which  remains  in  solution  may  be  precipitated  by  alcohol. 
(Fresenius.)  —  2.  From  a  solution  of  acetate  of  baryta,  racemic  acid 
throws  down  neutral  racemate  of  baryta;  (a),  from  a  hot  solution,  it 
precipitates  the  anhydrous  salt  as  a  white,  slightly  crystalline  powder; 
and  (6),  from  a  cold  solution,  the  hydrated  salt,  in  the  form  of  a  heavy 
white  precipitate  consisting  of  fine  needles.  (Fresenius.) — 3.  Neutral 
racemate  of  soda  added  to  chloride  of  barium,  throws  do^rn  white  flakes, 
which  in  a  minute  pass  completely  into  the  crystalline  state.  (Wittstein, 

Repert*  57,  22.)      In  case  of  great  dilution,  it  does  not  precipitate  nitrate  of  baryta. 
(Walchner.) 

Hydrated  racemate  of  baryta  gives  off  at  200°  the  whole  of  its  water, 
amounting  to  13*8  per  cent.  (Fresenius.)  The  salt,  when  ignited  in  a 
close  vessel,  leaves  a  pyrophoric  residue.  (Bottger.^  It  is  nearly  inso- 
luble in  cold  water,  but  dissolves  in  200  pts.  of  boiling  water,  readily  in 
hydrochloric  and  nitric  acid,  not  in  acetic  acid,  and  is  precipitated  from 
the  hydrochloric  acid  solution,  by  ammonia,  not  immediately,  but  after  a 
few  seconds.  (Fresenius.)  It  does  not  dissolve  in  aqueous  hydrochlorate 
nitrate,  or  succinate  of  ammonia,  even  with  the  aid  of  heat  (Walchner); 
or  in  potash-ley.  (Fresenius.) 

2,  a,  Fresenius. 

2BaO  153-2     ....     53/2     53*27 

C8H*0" 132-0     ....     46-28 

C»H*Ba«0"  285-2     ...   10000 

2,  b,  Fresenius. 

2  BaO  153-2  ....  40  39  46-18 

C^H^QW 1320  ....  39-98 

5  HO    45-0  ....  13-63  13*80 

C«H*Ba20«  +  5Aq 3302     ....   100  00 

Racemate  of  baryta  dissolves  in  the  aqueous  acid  but  without  producing  a  definite 
acid  salt:  for  the  solution,  as  it  cools,  deposits  the  greater  part  of  the  baryta  in  the  form 
of  neutral  salt,  and  the  rest  when  evaporated,  while  free  acid  crystallises  out.  (Fresenius.) 

Racemate  of  Baryta  and  Potas7t  and  Racemate  qf  Baryta  and  Soda  are  not 
obtainable. 
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Raobmatb  of  Stromtia.  —  1.  The  free  acid  fonns  with  strontia- 
water,  thick  flakes  which  do  not  become  crystalline  in  12  hoars.  (Witt- 
stein.)  —  2.  With  nitrate  of  strontia.  it  forms  the  same  precipitate,  nearly 
insoluble  in  excess  of  the  acid.  (Walchner.)  From  acetate  of  strontia,  It 
throws  down  a  white,  shining,  crystalline  powder.  (Fresenius.)  -  3.  Neutral 
racemate  of  potash  forms  with  chloride  of  strontium,  a  white,  crystalline, 
granular  precipitate.  (Wittstein.)  —  The  crystalline  powder  obtained  by 
(2)  gives  off  22*87  p.c.  water  at  200%  without  further  decomposition.  It 
is  nearly  insoluble  in  cold  water,  very  sparingly  soluble  in  boiling  water, 
from  which  it  separates  almost  completely  on  cooling,  so  that  the  filtrate 
is  scarcely  clouded  by  sulphuric  acid.  It  dissolves  readily  in  hydro- 
chloric acid,  whence  it  is  immediately  precipitated  by  ammonia.  It  is 
insoluble  in  acetic  acid.  With  racemic  acid  it  behaves  just  like  the 
baryta-salt.  (Fresenius.)  With  hot  aqueous  hydrochlorate,  nitrate,  or 
succinate  of  ammonia.,  it  forms  a  clear  solution,  which  becomes  turbid  as 
it  cools.  (Wittstein.) 

C^ysiaUine  powder  (2).  Fresenias. 

2  SrO  104     ....  33-77  3344 

C8H^0'»    132     ....  42-86 

8  HO   92     ....  23-37  22*87 

C»H<Sr«0>«-»-8Aq 308     ....  100-00 

Racemate  of  Limb.  —  1.  The  free  acid  precipitates  lime-water  in 
thick  plates  (Gay-Lussac),  which  [after  a  while]  consist  of  extremely 
fine  needles  (Walchner);  the  flakes  dissolve  in  a  lar^r  quantity  of  the 
acid,  provided  the  addition  be  made  quickly  and  before  the  precipitate 
has  become  crystalline  and  consequently  insoluble,  but  the  clear  liquid 
then  becomes  quickly  clouded  by  formation  of  a  crystalline  precipitate. 
(Gmelin.)  —  Lime-water  added  to  an  excess  of  the  acid,  precipitates 
after  a  few  seconds  a  [crystalline]  neutral  salt.  (Fresenius.)  —  2.  The 
free  acid  added  to  aqueous  gypsum  forms  delicate  needles  in  a  quarter  of 
an  hour  (Walchner,  Geiger);  the  turbidity  begins  in  an  hour,  and  in 
24  hours  nearly  all  the  lime  is  precipitated.  (Berzclius.)  With  hydro- 
chlorate  and  nitrate  of  lime,  it  forms  a  precipitate  more  quickly  than 
with  gypsum,  but  more  slowly  as  the  solutions  are  more  dilute.  (Gay- 
Lussac,  Walchner.)  From  a  concentrated  solution  of  acetate  of  lime,  it 
throws  down  a  snow-white,  crystalline  powder;  from  a  more  dilute 
solution,  small  shining  needles.  (Fresenius.)  —  3.  Neutral  racemate  of 
ammonia  or  soda  quickly  precipitates  even  a  dilute  solution  of  gypsum 
and  other  lime-salts  (Fresenius,  Herzog),  the  precipitate  consisting  of  an 
amorphous  powder  or  of  delicate  laminsB.  (Pasteur.) 

The  needles  obtained  by  (2)  give  off  all  their  water  r=  27'75  p.  c. 
at  200%  without  further  decomposition.  (Fresenius.)  The  salt  heated 
with  ammonia  and  fragments  of  nitrate  of  silver  precipitates  the  silver 
in  a  speculum  like  tartrate  of  lime.  (Casselmann,  vid.  p  288.)  —  The 
salt  is  so  sparioety  soluble  in  cold  water,  that  the  solution  is  not  clouded 
by  oxalic  acid,  out  only  by  oxalate  of  ammonia;  in  boiling  water  it  is 
somewhat  more  soluble.  (Fresenius.)  It  dissolves  in  hydrochloric  acid 
and  is  precipitated  therefrom  by  ammonia  (distinction  from  tartrate  of 
lime)  (Gay-Lussac);  the  opaque,  semicrystalline  precipitate  is  produced 
immediately  or  (in  case  of  great  dilution,  according  to  Fresenius)  after  a 
few  seconds;  when  the  hydrochloric  acid  solution  is  evaporated  in  the 
cold,  crystals  of  racemic  acid  are  formed;  but  when  tne  solution  is 
TOL.  X.  2  a 
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efaponted  bj  heat,  the  greater  part  of  the  hrdroohlorie  acid  goetf  off, 
and  racemate  of  lime  remains.  (Berzelius.)  The  salt  does  not  diasolye 
ill  acetic  acid,  nor  [after  becoming  crjsfcaUine]  in  raoemic  acid.  (Frese- 
nins.)  It  dissolyes  sparingly  in  warm  aqoeaas  snlphate,  hydroehlorate, 
or  succinate  of  ammonia,  whereupon  needles  are  produced  on  coaling. 
('Wittstein.)  Its  solubility  in  sal-ammoniac  is  howerer  quite  instgoi- 
ncant.    (U.  Hose.)     It  dissolres  readily  in  cold  and  tolerably  strong 

Eotasb-ley  free  from  carbonic  acid,  the  solution  becoming  turbid  when 
eated,  pasty  when  boile<l,  and  clear  again  on  cooling,  and  when  heated 
to  the  boiling  point  after  dilution  with  water,  depositing  all  the  [basiefj 
raeemate  of  lime  in  flakes.  (Fresenins.) 

Air-dried  CrytiaU.  Berzelios.      Fresenini. 

2CaO  66    ....  21-54  21-77     ....    21-5^ 

C8H*0». 132    ....  50-77 

8  HO    72     ....  27-69  27*75 

C»H*Ca20"+8Aq 260     ....  10000 

Neither  Racemate  of  lAme  and  Potash  nor  BiOeemate  ^f  Lime  and  Soda  can  be 

prepared. 

Racemate  op  Magnesia. — The  aqueous  solution  of  neutral  racemate  of 

soda  does  not  precipitate  sulphate  of  magnesia.  (Walchner.) The  aqueous  acid 

is  boiled  with  excess  of  carbonate  of  magnesia,  and  the  filtrate  left  to 
crystallise  slowly  by  cooling.  —  Small  right  rhombic  prisms,  or  when 
obtained  by  sadden  cooling  or  evaporation,  a  white  powder. — The 
crystals  effloresce  in  dry  air,  give  off  27*24  p.  c.  (8  At.)  water  at  100®, 
and  in  all  32-9  p.  c.  (10  At.)  at  200"*,  without  further  decomposition. 
They  dissolve  in  120  pis.  of  water  at  19^  and  in  a  smaller  quantity  of 
boiling  water;  easily  in  the  stronger  mineral  acids,  not  in  acetic  acid. 
From  the  concentrated  solution  in  hydrochloric  acid,  ammonia  throws 
down  immediately,  and  from  the  dilute  solution  after  a  while,  a  preci- 
pitate of  polybasic  racemate  of  magnesia.  The  hot  aqueous  solution  of 
the  salt  in  an  equal  quantity  of  racemic  acid,  again  yields  by  cooling  and 
evaporation,  crystals  of  the  neutral  salt,  which  may  also  be  precipitated 
therefrom  by  alcohol.  Its  solution  in  potash-ley  becomes  pasty  when 
heated,  but  clear  again  on  cooling.  (Fresenius.)  —  Magnesia-salts  are  not 
protected  by  racemic  acid  from  precipitation  by  ammonia  or  carbonate 
of  soda.  (Fresenius.) 

CryetaU.  l^esennifl. 

2  MgO 40  ....  15-27  15-69 

C^H^O^o    132  ....  50-38 

10  HO  90  ....  34-35  32-90 

C«»H*MgaO»a+10Aq. 262  ....  lOO'OO 

When  acid  recemate  of  ammonia,  potash,  or  soda,  is  boiled  to  neatift^ 
lisation  with  carbonate  of  magnesia,  a  filtrate  is  obtained,  which,  after 
standing  for  several  days,  deposits  crystals  of  racemate  of  magnesia,  but 
if  continuously  evaporated  at  100°,  leaves  a  syrup,  which,  on  cooling, 
solidifies  after  some  time  to  an  amorphous  saline  mass,  which  dissolves 
but  slowly  even  in  boiling  water,  and  from  which  the  alkali-salt  is  but 
very  incompletely  extracted  by  water.  (Fresenius.) 

Cerous  Racemate.  —  The  free  acid  precipitates  cerous  acetate  but 
not  the  hydrochlorate;  alkaline  racemates  precipitate  also  the  latter. 
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Tbe   white    precipitate  diBSoIves  readily  in  excess  of  racemio  acid« 
(Beringer.) 

CmieMio  Racemate.  —  The  terj  acid  violet  solution  of  hydrated 
chromic  oxide  in  the  boiling  aqueous  acid,  leaves  a  violet  crystalline 
mass  when  evaporated.  Its  aqneoos  solution  acquires  a  fine  green 
colour  when  mixed  with  carbonate  of  potash;  is  completely  precipitated 
by  lime-water;  and  yields  with  alcohol  a  violet  precipitate,  which  becomes 
nearly  black  when  diy^  and  is  insoluble  in  water^  but  soluble  in  racemio 
acid.  (Fresenins.) 

When  the  aqueous  acid  is  boiled  with  bichromate  of  potash,  carbonic 
acid  is  violently  evolved,  and  a  blackish  grey  liquid  with  violet  irides- 
cenjo  is  formea,  which,  when  evaporated,  leaves  a  blackish,  amorphous, 
easily  friable  mass.  The  solution  of  this  mass  in  water  acquires  a  fine 
green  colour  when  mixed  with  potash,  and  is  completely  precipitated  by 
Bme-water.  (Fresenius.) 

MANOANOirs  Racsmatb.  —  1.  The  solution  of  manganous  carbonate 
in  the  acid  diluted  with  40  pts.  of  water,  yields  after  a  while  transparent, 
flesh-coloured  prisms  and  crystalline  grains,  very  sparingly  soluble  in 
water.  (John.)  —  2.  An  aqueous  mixture  of  manganous  acetate  and 
racemic  acid  yields  by  evaporation  small  yellowish-white  crystals,  which 
are  permanent  in  the  air  even  at  1 00°,  and  dissolve  very  sparingly  in 
oold^  somewhat  more  readily  in  boiling  water,  readDy  in  hydrochloric 
acid.  (Fresenius.) 

Cryiialt.  Fresenius. 

2  MnO' 72     ....     32-43    31-52 

CH<0»    132    ....    69-46 

2  HO    18     ....       8-11 

C»H<Mn«0»  +  2Aq 222  ....  10000 

Racemate  of  Anenioui  add  and  Ammonia. — Discovered  and  stolchiome- 
trically  determined  by  Mitscherlich,  as  well  as  tbe  two  following  salts.  —  Arsenious 
acid  is  digested  with  aqueous  acid  racemate  of  ammonia,  or  better 
2  At.  arsenious  acid  ana  1  At.  racemic  acid  are  gradually  added  in 
alternate  small  portions  to  1  At.  neutral  racemate  of  ammonia,  so 
that  the  arsenious  acid  is  always  in  excess  up  to  the  end  of  the  operation, 
after  which  the  filtrate  is  evaporated,  and  cooled  to  the  crystallising 
point  The  solution  takes  place  slowly,  and  requires  constant  boiling; 
for  acid  racemate  of  ammonia  is  soon  deposited,  and  a  large  quantity  of 
arsenious  acid  remains  undissolved,  even  after  boiling  for  hours.  —  Large, 
quickly  efflorescing  crystals.  Between  90°  and  100°,  they  give  off 
altogether  4-1  p.  c.  water  and  ammonia.  They  dissolve  in  10*62  pts.  of 
water  at  15°,  and  are,  for  the  most  part,  resolved  by  evaporation  into 
crystallising  acid  racemate  of  ammonia  and  arsenious  acid,  which  remains 
in  solution.  (Werther.) 

Crystals,  Werther. 

NH^O    26     ....       9-77     9*99 

AsO" 99    ....     37-21     3772 

C8H<0» 132     ....     49-63     50-70 

HO 9     ....      3-39     304 

C8H<(NiI<XAs02)0"  +  Aq 266     ...  10000     101-45 

RacemaU  of  Arsenious  acid  and  Potash.  —  2  At.  arsenious  and  1  At. 
racemic  are  added  very  gradually,  and  in  alternate  small  portions   to 

2  A  2 
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1.  At  neutral  raeemate  of  potash,  whicli  is  dissolyed  in  a  large  quan- 
tity of  water,  and  maintained  for  several  hours  in  constant  ebullition,  the 
arsenioas  acid  being  kept  in  excess  even  to  the  last,  to  prevent  the  sepa- 
ration of  too  great  a  quantity  of  acid  raeemate  of  ammonia^  which  wonld 
have  to  be  redissolved  by  addition  of  water  and  boiling.  The  liquid 
concentrated,  but  not  too  much,  by  boiliug,  and  filtered  hot,  deposits,  on 
cooling,  first  small  prisms  of  acid  raeemate  of  potash,  then  large  rhombic 
crystal] s  of  the  double  salt,  which  are  separated,  either  by  picking  them 
out  or  by  treating  the  whole  with  a  small  quantity  of  warm  water, 
filtering  from  the  acid  potash-salt,  which  remains  for  the  most  part 
undissolved,  and  evaporating  to  the  crystallising  point,  during  which 
operation,  however,  a  portion  of  the  acid  potash-salt  is  always  repro- 
duced. —  Large  colourless  rhombic  crystals,  having  a  pearly  lustre.  They 
effloresce  gradually,  give  off  4*23  p.  c.  water  at  100^,  and  the  whole 
between  155°  and  170"^,  and  then  sustain  a  heat  of  250°  without  further 
decomposition;  at  255°,  the  residue  assumes  a  brownish  colour,  and  gives 
off  water,  together  with  vapours,  having  an  alliaceous  and  empy- 
reumatic  odour.  The  crystab  dissolve  in  7 '96  pts.  of  water  at  15°,  and 
when  this  solution  is  evaporated,  are  resolved  almost  entirely  into  acid 
raeemate  of  potash,  and  arsenious  acid  which  remains  dissolved^  even 
when  the  liquid  is  highly  concentrated.  (Werther.) 

Crystali.  Werther. 

KO  47-2  ....  15-46  15-06 

As03    99-0  ....  32-44  32-83 

C8H*0»  1320  ....  43-25  44-46  - 

3  HO , 27-0  ....  8-85  9-51 

C>H*K( A808)0»  +  3Aq 3052    ....  10000    101-86 

Racemxite  of  Ar^efMovz  acid  and  Soda.  —  When  1  pt.  of  racemic  acid 
is  neutralised  with  soda,  then  arsenious  acid  and  1  pt.  more  of  racemic 
acid  added,  in  alternate  small  portions,  to  the  boiling  liquid,  and  the  solu- 
tion repeatedly  evaporated  and  cooled,  a  large  quantity  of  the  crystal* 
lised  double  salt  is  obtained.  The  preparation  is  much  easier  than  that 
of  either  of  the  two  preceding  salts.  —  Large  crystals  permanent  in  the 
air,  and  having  a  brilliant  pearly  lustre.  They  give  off  10*65  p.  c. 
(about  4  At.^,  water  at  100°,  and  the  rest  at  130°.  Decomposition  begins 
at  275°.  The  salt  dehydrated  at  130°,  becomes  heated  by  contact  with 
cold  water,  and  dissolves  completely.  The  crystals  dissolve  in  14*59  pts. 
of  water  at  19°,  and  the  solution,  when  evaporated,  yields  nearly  all  the 
salt  undecomposed,  but  in  crystals,  having  a  higher  vitreous  lustre. 
(Werther.) 

Crystalt.  Werther. 

NaO 31-2     ....     10-16     10*27 

AsO»    99-0     ....     32-23     3294 

C8H*Oi«  132-0     ....     42-97     44-93 

5  HO  45-0     ....     14-64     14-47 

C8H*Na(A80*)OW  +  5Aq 307-2     ....  10000     102-61 

PotassuHintimonic  Raeemate,  —  Obtained  by  saturating  acid  raeemate 
of  potash  with  antiraonic  oxide.  Sometimes  rhombic  crystals  are 
obtained,  acuminated  with  four  faces;  sometimes  delicate  needles,  which 
become  opaque  when  exposed  to  the  sun.  (Berzelius.)  Fig,  62,  without 
the  p-face,  a  :  a  =  142°  55* \  a  :  a  behind  =  140°;  a  :  tt  =  118°  2'; 
«' :  u  =  94°  40'.    (Prevostaye.)  —  The  air-dried  crystals  contain  13*46 
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p.  c.  potaab,  and  are  therefore  C»H*K(SbO»)0"  [  4-  Aq].  They  give  off 
water  of  crystal] isatioD  at  100°;  the  salt  dried  at  100°  gives  off  5*50  p.  c. 
water  at  260°,  without  becoming  coloured,  exactly  therefore  like  tartar- 
emetic.  (Liebig,  Ann,  Fharm,  26,  134.) 

Racbmatb  of  Zinc.  —  1.  The  aqneous  acid  dissolves  zinc  readily 
with  evolution  of  hydrogen,  and  deposits  the  resulting  salt,  partly  im- 
mediately, partly  on  evaporation,  in  white  needles,  whose  aqueous  solution 
is  very  apt  to  turn  mouldy.  (Walchner.)  —  2.  The  free  acid  precipitates 
from  acetate  of  sine  a  jelly,  which  dries  np  to  a  white  viscid  mass.  This 
mass  is  nearly  insoluble  in  water,  bnt  dissolves  more  readily  in  racemic, 
and  still  more  in  hydrochloric  acid.  (Werther.) 

Stannous  Racematb.  —  The  aqueous  acid  dissolves  tin  very  slowly, 
and  yields  by  evaporation,  colourless  six  and  eight-sided  prisms,  soluble 
in  water.  (Walchner.) 

Racbmatb  of  Lead.  — 1^>6  pts.  of  the  crystalliaed  acid,  mixed  with  a  treble 
quantity  of  lead-oxide  and  with  water,  and  dried  oyer  the  water-bath,  g^ve  off  32*76 
p.  c.  water,  and  somewhat  above  100*^,  36*07  p.  c.  (4  At.)  in  all.  (Berzeliiu.)  — 
1.  The  free  acid  precipitates  from  neutral  acetate  of  lead  a  snow  white 
crystalline  powder  (Fresenius);  if  the  racemic  acid  is  in  excess,  the  vessel 
becomes  covered  with  a  crystalline  crust;  if  the  boiling  acid  is  mixed 
with  only  just  sufficient  acetate  of  lead  to  render  the  precipitate  perma- 
nent, and  then  filtered  boiling,  it  yields  on  cooling  a  few  small  needles. 
(Fresenius.)  —  2.  Neutral  racemate  of  soda  yields  a  flocculent  precipitate, 
consisting  of  slender  needles.  (Walchner.)  The  salt  after  drying  has  a 
density  of  only  2*580  at  19°,  much  smaller  therefore  than  that  of  tar- 
trate of  lead.  (H.  Rose,  Togg.  33,  48.)  The  precipitated  salt  contains 
no  water.  (Berzelius.)  After  ignition  in  a  close  vessel,  it  leaves  a 
greyish-black,  coherent  mass,  which,  after  cooling,  takes  fire  in  the  air, 
globules  oF  lead  then  appearing  on  the  surfiEuse,  and  quickly  burning  to 
oxide.  (Bottger.)  —  The  salt  dissolves  in  racemic  acid  (Walchner),  and 
more  readily  than  tartrate  of  lead  in  tartaric  acid;  and  the  solution  of 
the  salt  in  the  hot  acid  yields,  on  cooling,  small  crystalline  grains,  which 
when  heated  crumble  to  a  fine  powder,  with  slight  decrepitation  and  loss 
of  water.  (Berzelius.) 

(1.)    CryHaUvM  crutt  dried  at  100^.  Berselius. 

2  PbO 224     ....     62*92     62*75 

C«H«0»    132     ....     37-08     37*25 

<?H<Pb*0» 356     ....  10000     100*00 

FsitBons  Rachbmate.  —  1.  The  aqueons  acid  acts  upon  iron  with 
evolution  of  hydrogen,  forming  soft  white  needles,  which  dissolve  but 
Tery  sparingly  in  water,  and  when  exposed  to  the  air,  gradually  change 
into  the  yellow  ferric  salt.  (Walchner.)  —  2.  Ferrous  sulphate  added  to 
an  aqneous  mixture  of  acetate  of  potash  and  racemic  acid,  produces  a 
white  precipitate,  which  soon  turns  greenish  and  brown,  if  the  air  has 
access  to  it,  but  dries  up  in  vacuo  to  a  yellowish  white  powder.  This 
powder  dissolves  sparingly  in  water,  reaaily  in  mineral  acids,  racemic 
aoid,  ammonia,  and  potash;  the  acid  solutions  are  not  precipitated  by 
idkalis,  nor  the  alksJIine  solutions  by  acids. 
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Ferric  Ragemate.  —  Tbe  aqaeoqB  acid,  digesjbed  with  epc^  9f 
ferric  hydrate,  and  filtered  from  a  basic  salt,  yields  a  re^-browa  liqui^ 
which,  when  evaporated,  still  deposits  a  portion  of  basic  sa}t,  and  dries 
up  to  a  brown,  hard,  friable  mass.  This  mass  is  con^pletely  precipitated 
from  the  aqueous  solution  by  alcohol;  the  solution  is  also  precipitated 
by  ferrocyanide  of  potassium  but  not  by  alkajiis.  (Fresepius.)  —  The 
brownish  yellow  solution  of  ferric  hydrate  in  [excess  of  !]  t|ie  aqueous 
acid,  graqually  loses  its  colour  by  conversion  into  ferrous  salt,  both  in 
the  air  and  in  closed  vessels.  (Wsachner.) 

AmmoTiio-ferric  BacemaU,  —  The  above  solution  of  ferric  hydiute  in 
the  aqueous  acid,  forms  with  ammonia  »  clear  mixture,  i^bioh,  when 
evaporated,  deposits  granules  very  easily  eolubld  in  water^  and  de- 
taining a  large  quantity  of  ammonia.  (Walchner.) 

Potassio'ferric  RacemcUe.  —  The  aqueous  solution  of  the  acid  potash- 
salt  digested  with  ferric  hydrate,  yields  a  red-brown  filtrate  which  depo- 
»ts  a  basic  salt  on  evaporation.  —  a.  This  basic  salt  is  a  light  yellow 
powder,  which  chars  and  swells  up  in  the  fire,  leaving  an  alkaline  ash; 
It  is  almost  insoluble  in  water,  but  dissolves  in  cold  potash  ley,  forming 
a  dark  green  liquid  which  yields  a  copious  brownish  green  precipitate 
when  heated. — b.  The  liquid  filtered  from  the  yellow  powder  remains 
clear  when  further  evaporated,  and  leaves  a  brownish-black,  crystallo- 
granular,  deliquescent  mass;  and  on  dissolving  this  mass  in  water,  au 
additional  quantity  of  basic  salt  is  separated,  and  a  brownish  yellow, 
slightly  alkaline  liquid  produced,  which  is  not  precipitated  by  potash, 
and  but  slowly  ana  incompletely  by  yellow  or  red  prussiate  of  potasli, 
(Fresenius.) 

Racemate  op  Cobalt.  —  1.  Recently  precipitated  pro^zide  of 
cobalt  forms,  with  racemic  acid,  a  strongly  acid  red  solution,  which,  when 
evaporated,  deposits  dingy,  pale  red,  crystalline  crusts,  free  acid  crystal- 
lising out  at  the  same  time.  —  2.  A  mixture  of  acetate  of  cobalt  and 
raceinic  acid  left  to  evaporate  in  a  warm  place,  yields  the  same  crusts. 
(Fresenius.)  —  Pale  red  crystalline  grains,  (winkelblech.)  —  The  salt 
dissolves  very  slowly  in  water,  whether  cold  or  boiling,  more  readily  in 
racemic  acid,  whence  it  is  not  precipitated  by  alkalis;  still  more  readily 
in  hydrochloric  acid  and  in  potash-ley.  The  red  hydrochloric  aicid  sola- 
tion  forms,  with  caustic  ammonia,  potash,  or  their  carbonates,  a  preci- 
pitate which  dissolves  in  excess  of  the  alkali,  the  liquid,  however,  soon 
becoming  turbid,  and  a  dingy  blue  precipitate  being  formed.  The 
beautiful  violet  solution  of  the  salt  in  caustic  potash  is  not  altered  by- 
boiling,  but  forms  spontaneously  after  a  while,  and  more  quickly  on 
addition  of  water,  a  dingy  blue  precipitate,  losing  its  colour  at  the  same 
time.  (Fresenius.) 

Bacemoute  of  Cobalt  and  Potassium,  -—  Tbe  beautiful  red  neutval  solu- 
tion of  the  recently  precipitated  protoxide  in  warm  aqueous  raoemate  of 
potash,  becomes  turbid  by  evaporation,  and  deposits  a  pale  red  crystai- 
line  crust,  from  which  the  potash  cannot  be  completely  extracted  by 
washing.  The  crust  dissolve$  sparingly  in  water,  easily  in  racemic  acia, 
or  in  potash.  (Fresenius.) 

Racemate  of  Nickel.  —  The  aqoeoos  solution  of  acetate  of  niokel 
mixed  with  racemic  acid  and  evaporated,  forms  four-sided  needles  of  n 
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beaotifal  gram  colour.  These  crystals  effloresee  very  slowly  in  dry  air 
at  ordinary  temperatores,  quickly  at  100".  They  dissolve  yery  sparingly 
in  water,  even  at  a  boiling  heat,  more  readily  in  racemic  acid,  still  more 
readily  in  hydrochloric  acid,  wherenpou  a  small  quantity  of  carbonate  of 
potash  proauoes  a  precipitate  which  redissolves  in  a  larger  quantity. 
With  potash-ley  the  salt  forms  a  green  solution  which  becomes  turbid 
when  heated  and  does  not  recover  its  transparency  on  cooling.  (Fre- 
senins.)  In  a  hot  solution  of  carbonate  of  soda,  it  dissolves  abundantly 
and  with  evolution  of  carbonic  acid,  forming  a  liquid  which  solidifies  in 
a  jelly  on  cooling.  (Werther.) 

Needles.  Fresenins. 

2  NiO  75  ....  25-25     25*47 

C^H^OW    132  ....  44-45 

10  HO    90  ....  30-30 

C"H<Ni«O»+l0Aq 297     ....  10000 

BacertuUe  tf  Nichd  and  Ammonium,  —  The  aqueous  solution  of  acid 
racemate  of  ammonia  yields,  by  diffestion  with  excess  of  carbonate  of 
nickel,  and  filtration,  a  green  liquid;  and  on  evaporating  this  liquid^ 
green  flakes  are  deposited,  from  which  the  ammonia  cannot  be  completely 
extracted  by  washing.  (Fresenius.) 

Cuprous  Racbmate.  —  The  aqueous  acid  exposed  to  the  air  in 
contact  with  copper,  deposits,  after  several  days,  a  greenish  blue  cupric 
salt,  and  if  then  evaporated,  yields  white  oblique  rhombic  prisms  which 
dissolve  pretty  reaaily  in  water,  and  form  a  yellow  precipitate  with 
potash.  (Walchner.)  t 

Cupric  Racehats.  —  1.  The  free  acid  added  to  a  solution  of  cupric 
sulphate  throws  down  at  first  only  a  few  grains,  but  gradually  the  whole 
of  the  copper.  (John.)  If  the  solutions  are  mixed  hot  and  concentrated, 
bluish  green  tables  are  formed  after  a  while.  (Werther.)  —  2.  A  <JiIute 
solution  of  cupric  acetate  mixed  with  free  racemic  acid,  forms  light  blue 
four-sided  needles.  (Fresenius.)  —  3.  Neutral  alkaline  racemates  preci- 
pitate cupric  salts  (Walchner),  forming  a  siskin-green  crystalline  powder. 
(Werther.) — The  needles  (2)  are  permanent  in  the  air;  effloresce  at  lOO'j  - 
aissolve  very  sparingly  in  cold,  somewhat  more  freely  in  boiling  water, 
readily  in  hydrochloric  acid.  The  solution  acquires  a  fine  blue  colour 
when  mixed  with  potash,  but  is  not  decolorised  thereby  even  on  boiling. 
(Fresenius.)  —  The  green  powder  (3)  is  not  much  more  soluble  in  water 
than  cupric  tartrate;  it  dissolves  readily  in  caustic  potash  or  soda,  but  in 
the  carbonates  only  when  heated.  •  (Werther.) 

Needles  (2)  dried  over  oil  of  vitriol.  Freieniut. 

2CuO   80    ....  32-26     31-75 

C»HK)» 132     ....  53-22 

4  HO 36     ....  14-52 

C8H*Cu«OW  +  4Aq 248     ....  100-00 

JPciasguhCupric  Racemate,  —  The  sky-blue  neutral  solution  obtained 
by  saturating  a  warm  aqueous  solution  of  acid  racemate  of  potash  with 
cupric  carbonate,  deposits,  when  evaporated  over  oil  of  vitriol,  blue 
crusts  destitute  of  crystalline  structure;  they  are  but  sparingly  soluble 
in  water,  even  at  the  boiling  heat,  and  cannot  be  freed  from  potash  by 
washing.  (Fresenius.) 


360         PRIMARY  NUCLEUS  C^H^:  OXYGEN-NUCLEUS  C^HH)^ 

Bane  SoduHniprie  JRctcenuOe. — a.  When  8od&-ley  is  satuiated  with 
eapric  racemate  (3)  stirred  np  with  water,  and  absolute  alcohol  oarefnUy 
added  so  as  to  form  a  layer  on  the  top,  light  blue  tables  are  formed  at 
the  bottom  of  the  vessel,  and  deep-blue  needles  at  the  contact-surface  of 
the  two  liquids.  The  tables  maj  be  recrystallised  bj  dissolvinff  them  in 
hot  water  and  pouring  a  layer  of  alcohol  on  the  surface  of  the  liquid. 
They  dissolye  sparingly  in  cold,  more  readily  in  hot  water.  The  solution 
may  be  boiled  for  a  long  time  without  decomposition;  it  is  not  decom- 
posed by  soda  in  the  cold  even  after  the  lapse  of  several  weeks;  but 
when  boiled  with  soda,  it  deposits  cuprous  oxide,  (Werther.) 

Werther. 


2  NaO  62-4 

2  CuO  80-0 

C»HK>» 132-0 

8  HO 720 


tablet. 

needlet. 

18-01     .... 

....     17-92 

....     17-86 

23-09    .... 

....    22-98 

....    2214 

38-11     .... 

....    37-81 

20-79    .... 

....     21-54 

2CuO,C^H*Na«0»  +  8Aq 346«4    ....  10000    100-25 

5.  Werther  once  obtained  by  the  same  mode  of  preparation  with 
alcohol,  dark  blue  rectangular  octohedrons,  which  gave  off  19*93  p.  c. 
water  at  100^ 

e.  The  dark  blue  solution  obtained,  with  evolution  of  carbonic  acid, 
by  boiling  cuprio  racemate  with  aqueous  carbonate  of  soda,  yields  both 
on  addition  of  alcohol,  and  by  evaporation,  a  light  blue  powder  which 
gives  off  3*88  p.  c.  water  at  lOO"",  and  dissolves  slowly  in  cold,  but 
readily  in  hot  water,  forming  a  neutral  liquid  which  neither  crystallises 
nor  decomposes  when  evaporated.  (Werther.) 

Werther. 

NaO   24-36  10-78 

CuO   11'05  34-24 

C8H*0» 

HO 19-93 3-88 

Mebcurous  Racemate.  The  acid  forms  with  mercurous  nitrate  a 
white  precipitate  which  blackens  on  exposure  to  light.  (Walchner.) 
The  snow-white,  heavy  powder  acquires  a  greyish  brown  colour  when 
exposed  to  the  sun  for  a  few  minutes:  it  is  insoluble  in  water  and  in 
racemic  acid,  but  dissolves  readily  in  nitric  acid,  forming  a  liquid  which 
is  precipitated  light  grey  by  ammonia,  olive-green  by  carbonate  of 
potash  in  the  cold,  and  black  on  boiling.  (Fresenius.) 

Racemate  op  Silver.  —  On  adding  a  hot  and  moderately  strong 
solution  of  acid  racemate  of  ammonia  to  nitrate  of  silver  heated  to 
80  — 85  ,  till  the  precipitate  begins  to  become  permanent,  the  liquid 
yields  on  cooling,  dazzling  white  crystalline  scales,  having  a  lustre  like 
that  of  polished  silver,  a  sp.  gr.  of  3*7752  at  IS**,  and  less  soluble  in 
water  than  the  tartrate.  (Liebig  &  Redtenbacher,  Ann.  Fharm.  38,  133.) 

^^.  Redtenbacher.    ^^^^\^ 

2  Ag 216    ....     59-34     5929        ....        5914 

C»H*0"  148     ....     40-66 


C»H«Aga0» 364    ....  100-00 
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^     Racemio  acid  dissolves  in  48  pts.  of  cold  akohol  of  sp.  gr.  0*809. 
(Walchner.)     The  solution  does  not  redden  litmus.  (Pelouze.; 


Faratartralic  Acid. 

B.  Fremt.     Ann.  Chim,  Fhy$.  68^378;  ^o  Ann.  Pharm,  39,  161;  also 
J.  pr.  Chem.  16,  339. 

Pulverised  racemio  acid  is  heated  in  a  porcelain  dish  to  a  temperature 
somewhat  uhove  200^  till  it  melts,  removed  from  the  fire  while  jet 
perfectlj  fluid  and  colourless;  dissolved  in  water;  the  solution  saturated 
with  carbonate  of  baryta,  and  filtered  from  racemate  of  baryta;  and  the 
filtrate  decomposed  by  the  proper  quantity  of  sulphuric  acid. 

The  acid  is  colourless;  is  reconverted  by  water  into  racemio  acid; 
deliquesces  in  the  air;  is,  in  the  hyp.  anhydrous  state,  =  CU*0^^  and 
saturates  1^  At.  base.  It  forms  with  all  the  alkalis,  soluble  salts,  which 
are  reconverted  by  water  into  racemates.  The  baryta-salt  contains 
43*2  p.  c.  baryta.,  the  lime-salt  21*1  p.  c.  lime. 
The  lead-salt  contains: 

Fremy. 

PbO 50-07 

C 18-00 

H 1-53 

0 30-40 

100-00 


Faratartrelic  Acid. 

Fremy.    lUd. 

Produced  from  paratartralic  acid  by  continued  fusion;  prepared  like 
tartrelic  acid.  Exactly  like  the  latter,  and  converted  into  racemic  acid 
under  the  same  circumstances  as  tartrelic  acid  into  tartaric.  May 
likewise  be  regarded,  in  the  hypothetical  anhydrous  state,  as  CH^O^, 
but  saturates  only  1  At.  base.  The  baryta-salt  contains  36*04  p.  a  and 
the  lime-salt  17*4  p.  c.  of  alkali.  (Fremy.) 

Lead'talL  Fremy. 

PbO 43-20  to  48-43 

C  22-99  „  19-26 

H 1-91  „  1-59 

O  31-90  „  30-72 

10000     n  10000 


Anhydrous  Bacemic  Acid. 

Fremt.    Ibid. 

Saeemie  Anhydride,  Traudenanhydrid,  woMttrfreie  Traubtmaurt^  Aeide  paratar' 
tarique  anhydre. 

By  heating  racemic  acid  till  it  froths  and  solidifies. 

Resembles  tartaric  anhydride;  likewise  forms  a  jelly  with  water,  and 
has  a  slightly  sour  taste. 

In  contact  with  water,  it  is  gradually  converted  into  paratartrelic, 
paratartralic,  and  racemio  acid  successively.  (Fremy.) 
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Framy* 

8C  48     ....    36-36    S7'U 

4  H  4     ....       303    3-09 

10  O  80    ....    60-61     59*77 


C8HH)^o 132    ....  100-00    lOO'OO 

f 
I 

Racemomethylic  Acid. 

•  •  •       • 

(jfp^BOi-VAEHT.  (1686.)    Ann.  Ckim.  PAy«.  63,  77;  also  Ann.  Pharm, 
33,  952;  also  J*  pr.  Chem.  9,  376. 


MtikyUraubenfUure,    Metkjfientrmtbeiuiiure,     P§r4m9tiifkMpfinadwref    Aeith 
paratcartromeihylique. 

Formation  and  Preparation,  as  for  turtrometbylic  acid  (p.  338), 

Properties,     Right  rectan^lar  prisms,  passing,  by  truncation  of  the 

lateral  edges,  into  rhombic  prisms.     Inodorous,  having  a  sour,  not  sweet 

taste. 

CryMtaUised,  Gu^iin.        Dumas  &  Piria. 

10  C 60     ....  34-68     ....     3508  ....^     35-15 

9H 9     ....  5-20     ....       5-41  5-10 

13  0 104     ....  6012    ....     59-51  59*75 

CU)H«0>*  +  Aq- 173    ....  10000    ....  10000    10000 

Decompositions,  The  acid,  when  subjected  to  dry  distillation,  or 
when  burnt,  exhibits  the  eauie  phenomena  as  tartromethylip  acid.  Bj 
boiling  with  water,  it  is  resolved  into  wood-spirit  and  racemic  acid,  but 
pot  so  readily  as  racemovinic  acid;  and  its  aqueous  solution,  whea  left  to 
evaporate  freely,  yields  the  crystals  in  their  original  state. 

Combinations,  The  acid  dissolves  very  easily  in  cold,  and  in  all 
proportions  in  boiling  Water, 

Pacemomethylate  of  Potash,  —  Obtained  like  the  tartromethylate. 
Right  prisms,  colourless  and  inodorous.  In  vacuo  over  oil  of  vitriol  they 
give  off  4*25  p.  c.  water.  They  soften  at  100°,  melt  at  150°,  and  yield 
at  200°  the  same  products  as  tartromethylate  of  potash.  By  continued 
boiling  with  water,  they  are  resolved  into  wood-spirit  and  acid  racemate 
of  potash.  They  dissolve  in  hot  water  more  readily  than  in  cold,  but  are 
insoluble  in  wood-spirit  and  in  95  p.  c  alcohol. 

CryitaU,  Ga^rin. 

KO    47-2  ....  22-35  22*25 

IOC    600  ....  28'41  28*37 

8  H  8*0  ....  3*79  3*89 

12  O   960  ....  45-45  45*49 


C^H^KOW  +  Aq 211*2     ....  10000    lOO'OO 

An  excess  of  the  acid  forms,  with  aqueous  Potash,  an  amorphous 
pulverulent  precipitate,  soluble  in  a  larger  quantity  of  water. 

Similarly,  an  excess  of  acid  produces,  with  Soda-Uyt  a  granukur  pre^ 
cipitate,  soluble  in  a  large  quantity  of  water. 
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BacemomeApkae  of  Baryta.  —  The  aoid  fonn?,  with  banrti^WBter,  |i 
precipitate  soluble  in  excess  of  acid.  The  neutral  salt  is  obtained  Ilka 
the  tartromethylate.  Colonrless,  bitter,  oblique  rhombo'idal  prisms. 
Angles  of  the  latend  edges  =  119°  and  61°;  inclination  of  the  base  to 
the  two  lateral  edges  =113°  and  87°.  [There  is  a  figure  wrong  here.]  The 
crystals  effloresce  in  the  air,  giving  off  3  At.  water  out  of  the  4.  At. 
which  they  contain,  |knd  leaving  a  residue  which  gives  off  38  p^  c.  more 
water  in  a  dry  vacuum.  They  soften  at  60°;  give  off  vapours  at  100°, 
which  Qpiidense  in  beantifnl  crystalline  lamins,  not  consisting  of  methylio 
oxalate;  these  laminae  melt  at  105°,  boil  at  120°,  and  are  converted  at 
130°  into  a  transparent  colonrless  liquid/  which  turns  yellow  at  175°,  and 
at  205°  yields  a  distillate,  consisting  of  water,  wood- spirit,  methylio 
acetate,  and  a  crystalline  snbstance  apparently  identical  with  the  above. 
The  effloresced  salt  yields  this  crystalline  sublimate  only  at  130°,  and 
does  not  emit  strong  fumes  till  it  is  heated  to  1 40°.  The  salt  dissolvee 
in  hot  water  more  readily  than  in  cold^  is  insoluble  in  wood-spirit,  a^d  in 
95  p.  c.  alcohol. 

Bfloreseed,  Gu^rin. 

BaO   :    76-6    ....    31-83    31-47 

IOC    60-0    ....     24-94     24-50 

8  H    8-0    ....      3-33     3-38 

12  O   96-0     ....     39-90    40*65 

C"»H7BaO"  +  Aq 2406    ....  JOO'OO    lOqOO 

The  a<|ueons  ^cid  forms,  with  stronliorwcUer,  a  precipitate  which  is  not 
soluble  in  excess  of  acid,  but  dissolves  in  a  large  quantity  of  water;  and 
with  lime-water,  delicate  needles,  insolnble  in  excess  of  acid. 

It  dissolves  zinc  and  iron  with  evolution  of  hydrogen. 

From  neutral  or  basic  acetate  of  lead,  and  from  a  concentrated  solution 
of  nitrate  of  silver,  it  throws  down  flakes  insoluble  in  excess  of  acid. 

Racemomethylic  acid  dissolves  readily  in  wood-spirit  and  in  alcohol, 
sparingly  in  ether,  (Guerin.) 


Bacemovinic  Acid. 

Q^HioQu  ^  p*n«o»,C»H*0". 

Gv^ts-Yaukt.   (1836.)    Ann,  Chim.  Fhys.  62,  70;  also  Ann*  JPharm, 
22,  245;  also  J.  pr.  Chem.  9,  372. 

Weintraubentaure,  AetAertrauberuaure,  Acide  paraiartrovinique. 

Formation  and  Preparation.  In  general,  similar  to  that  of  tartrovinio 
acid.  As,  however,  racemio  acid  is  less  soluble  in  alcohol  than  tartaric 
acid,  it  is  necessary  to  use  4  pts.  of  absolute  alcohol  to  1  pt.  of  racemio 
acid.  The  liquid  must  also  be  gently  boiled  in  the  retort,  with  cohoba- 
tion,  till  the  solution  evaporated  to  a  syrup  no  longer  yields  any  deposit 
on  cooling.  It  is  then  to  be  diluted  with  ^ater,  and  saturated  with 
carbonate  of  baryta;  the  filtrate  evaporated  in  an  open  vessel  at  50"^  to 
60°;  and  the  crystallised  baryta-salt  decomposed  by  sulphuric  acid,  just 
as  in  the  preparation  of  tartrovinic  acid. 

Properties.  Colourless  obliqne  rhombic  prisms,  whose  base  is  less 
obliquely  inclined  to  the   latend  edges  than  that  of  the  orystals   of 
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iartroTinic  aoid.     Inodorous,  with  a  bout  taste,  and  sweeter  even  than 
tartrovinio  acid. 

CryttaU.  Gv^rin. 

12  C  72  ....  38*50  38-66 

11  H 11  ....  5-88  .....^  5-92 

13  0 104  ....  55-62  65-42 

C"H»0Ott+Aq 187     ....  100*00    100-00 

Ikeompotxtumi.  The  aoid  hums  with  a  flame  like  that  of  tartrovinic 
aoid;  its  decompositions  hy  dry  distillation,  by  treatment  with  nitric  or 
sulphuric  acid,  and  by  boiling  with  40  pts.  of  water,  are  likewise  the 
same  as  those  of  tartrovinio  acid. 

Combinations,  The  acid  dissolves  very  easily  in  water,  and  is  highly 
deliquescent. 

The  EacemovincUes,  or  ParataHrovvnaies,  resemble  the  tartrovinates  in 
most  respects,  but  form  less  beautiful  crystals;  and  these  crystals  contain 
a  larger  quantity  of  water  of  crystallisation,  which,  however,  is  given  off 
in  a  dry  vacuum,  so  that  the  residual  salts  agree  in  composition  with  the 
dry  tartrovinates. 

Eacemovinate  of  Potash,  —  Obtained  in  the  same  manner  as  the  tartro- 
vinate.  Colourless,  four-sided  aud  apparently  square  prisms,  truncated 
at  the  terminal  edges  (compare  Prevostaye,  iV.  Ann,  Chim,  Phys,  3,  140). 
The  crvstals  have  the  taste  of  tartrovinate  of  potash.  Gtive  off  7'65  p.  c 
water  in  a  dry  vacuum. 

CryMtaU.  Ga^o. 

KO 47-2     ....    20'15    19-95 

C»H«C" 169-0    ....     72-16 

2  HO 18-0    ....       7-69    7*65 

C»H»KO»  +  2Aq.  234*2     ....  100-00 

The  acid  added  in  excess  to  an  aqueous  solution  of  potash  precipitates 
a  fine  powder. 

Bacemiomnate  of  Soda. — The  acid  forms,  with  aqueous  soda^  even 
when  the  latter  is  in  excess,  a  precipitate  which  is  insoluble  in  cold 
water,  and  increases  on  adding  the  acia  in  excess. 

MacemovinaU  of  Baryta.  —  Preparation^  tid,  tup.  —  Small  white  needles 
united  in  nodules;  they  give  off  6*95  p.  c.  water  in  a  dry  vacuum,  dis- 
solve in  hot  water  much  more  readily  than  in  cold,  are  insoluble  in 
absolute  wood-spirit^  and  in  95  per  cent,  alcohol. 

Crytiah.  Gu^rin. 

BaO 76-6  ....  29*06    28-74 

12  C 720  ....  27-32    27-62 

11  H 11-0  ....  417    4-24 

13  0 1040  ....  39  45     39-40 

C»H«BaO"  +  2Aq 263-6    ....  100-00    10000 

^on^to-water  forms,  with  the  acid,  a  precipitate  which  dissolves  in 
excess  of  that  acid;  ^tW-water,  a  precipitate,  insoluble  in  racemovinic 
but  soluble  in  nitric  acid. 

The  dilute  acid  dissolves  tine  and  iron,  with  evolution  of  hydrogen. 

It  forms  a  white  precipitate  with  neutral  acetate  of  lead. 
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Saeemannaie  of  Silver.  —  1.  The  aoid  fonuB,  with  nitrate  of  silver,  a 
precipitate  consisting  of  delicate  white  needles.  —  2.  The  concentrated 
solntion  of  the  potash  or  barytansalt,  added  to  solution  of  nitrate  of  silver, 
likewise  throws  down  needles,  which,  after  being  washed  in  the  dark  with 
cold  water,  and  dried  below  50"*,  give  off  nothing  in  vacuo  over  oil  of 
vitriol;  turn  red  and  afterwards  brown  when  exposed  to  light;  decompose 
at  100°^  even  under  water;  and  are  sparingly  soluble  in  water. 


12  C   . 

9H  . 

Ag. 
12  O  . 


Gu^rtn. 

72    .... 

25-26     .... 

26-93 

9        •••• 

316     ..., 

3-31 

108     .... 

37-89    .... 

37-70 

96     .... 

33-69    .... 

....     32*06 

C»H»AgO»   285     ....  100-00    10000 

Raoemovinic  acid  dissolves  very  readily  in  alcohol,  but  is  insoluble  in 
ether.  (Gu^rin.) 


Antitartaric  Acid. 

C«H«0»  =  C*H*0*,0\ 

Pastbvr.  N.Ann.  Ohim.  Phys.  24,  442;  28,  Se.^^Compt  rend.  28, 
477;  29,297. — Biot's  Report  upon  Pasteub:  Compt.  rend.  29,  433; 
N.  Ann.  Chim.  Phys.  28,  99. 

Ltnoraeemie  acid,  Lmvotartarie  acid. 

Racemic  aoid  may  be  re^rded  as  the  indifferent  compound  of  tartaric 
acid  with  an  equal  quantity  of  another  acid,  Yiz.AntUartarie  acid,  which 
agrees  exactly  with  tartaric  acid  in  most  of  its  properties,  but  with 
regard  to  crystalline  form,  thermo-electricity,  and  action  upon  polarised 
light,  exhibits  diametrically  opposite  characters,  these  characters  com- 
pletely neutralising  one  another  when  the  two  acids  are  combined  in  the 
form  of  racemic  acid. 

Racemic  acid,  and  most  of  its  salts,  crystallise  from  their  aqueous 
solutions  unaltered;  but  on  evaporating  and  cooling  a  solution  of  racemate 
of  soda  and  ammonia,  or  of  racemate  of  soda  and  potash,  we  obtain, 
instead  of  a  double  racemate,  equal  weights  of  two  kinds  of  crystals, 
which  have  the  same  form,  the  one  being,  in  fact,  the  exact  reflected 
image  of  the  other,  but  exhibit  certain  hemihedral  faces,  which  in  one 
kind  of  crystal  (identical  with  that  of  tartrate  of  soda  and  ammonia, 
or  of  soda  and  potash),  are  situated  to  the  right,  and  in  the  other  kind, 
which  may  be  oilled  antitartrate  of  soda  and  ammonia  or  potash,  to  the 
left,  when  the  crystal  is  held  in  the  same  position  before  the  face.  Each 
of  these  two  kinds  of  crystals  dissolved  by  itself  in  water  produces 
rotation  to  the  right  or  to  the  left,  and  when  added  to  dilute  solutions 
of  lime-salts,  throws  down  tartrate  or  antitartrate  of  lime,  but  only  after 
some  time;  but  the  united  solution  of  the  entire  mass  of  crystals,  as  also 
the  mother-liquor,  exhibits  no  rotatory  power,  behaves  like  racemate-  of 
potash,  and  when  added  to  lime-salts,  immediately  throws  down  an 
amorphous  powder,  or  delicate  laminte.  The  two  kmds  of  crystals  are 
elected  out  by  examining  the  position  of  their  hemihedral  faces,  and 
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purified,  each  for  itself,  by  recrystallteatioii,  the  mothdt-Iiqnor  rehiiniiig 
the  small-  qnantity  of  racemate,  which,  as  it  is  impos^ihie  to  effect  a 
compl^tfr  separation  of  the  two  kiuds  of  crystals  by  mechanical  ^lection^ 
has  been  reproduced  from  the  two  opposite  salts  when  redissolved  in 

wAter: 

When  the  crystals  thus  purified,  whose  hemihedral  faces  lie  to  the  ri^hL 
are  dissolved  in  water,  the  solution  precipitated  by  nitrate  of  lead,  and 
the  washed  precipitate  decomposed  by  dilate  sulphuric  acid,  Dextroraeemic 
acid  is  obtained,  which,  from  all  experiments  made  with  it,  appears  to 
agree  in  every  respect  with  tartaric  acid.  —  By  applying  the  same  treat- 
ment to  those  crystals  whose  hemihedral  faces  are  situated  to  the  left,  we 
obtain  Antitariaric  or  Loevoracemic  add. 

The  separation  of  the  two  acids  may  likewise  be  effected  by  means 
of  the  compounds  of  racemic  acid  with  cinchonicine  and  chinicine. 
From  a  solution  of  cinchonicine  in  raoemio  acid,  antitartrate  of  cincho- 
nicine crystallises  out,  first  at  a  certain  degree  of  concentration;  from  a 
solution  of  raoemato  of  chinicine,  the  tartrate  crystallises  first. 

Prope7iie$.  The  crystals  of  antitartaric  acid  agree  exactly  in  appear- 
ance, form,  magnitude  of  angles,  specific  gravity  (1'75),  composition, 
solubility  in  water,  &c.,  with  tartaric  acid,  -v^ith  exception  of  the  three 
following  physical  properties. 

1.  Crystalline  Form :  When  a  crystal  of  tartaric  or  antitartaric  acid 
{Fig,  109)  Is  held  towards  the  observer  in  such  a  position  that  the  t-fiBu» 
shall  be  opposite  to  the  eye,  and  below  i  shall  be  the  f-fsLce  (concealed 
in  the  figure),  above  i  the  e-  and  ^-faces,  and  right  and  left  of  i  the 
o-faces,  then,  in  the  crystal  of  tartaric  acid,  there  will  be  found  two 
other  fMses,  leading  to  an  irregular  tetrahedron,  tbe  upper  between  a,  %  e, 
and  t,  the  lower  between  a,  i,  and/,  which  two  faces  are  wanting  to  the 
left  of  V  ii^  the  crystals  of  antitartaric  acid,  on  the  contrary,  these  two 
faces  occur  on  the  left,  but  are  wanting  on  the  right.  Sometimes  the 
faces  which  are  usually  deficient  are  found  in  the  crystals  of  both  acids; 
but  less  developed. 

2.  ThemKhdectrunty :  Daring  the  cooling  of  a  heated  crystal  of  tar- 
taric acid,  positive  electricity  appears  on  the  right-hand  side;  but  anti- 
tartaric acid,  under  the  same  circumstances,  exhibits  positive  electricity 
on  the  left  side. 

8.  Circular  Polarisation:  Antitartaric  acid  dissolved  in  water  at  a 
given  temperature  and  a  given  degree  of  concentration,  turns  the  plane 
of  polarisation  to  the  left,  to  the  same  amount  as  tartaric  acid  turns  it  to 
the  right.  Boracic  acid  increases  this  rotatory  power  of  antitartaric  acid 
to  the  left  exactly  in  the  same  degree  as  that  of  tartaric  acid  to  the 
right.  (Biot,  p.  27.) 

Racemic  acid,  on  the  contrary,  and  all  its  salts  form  homobedral 
crystals  which  do  not  exhibit  either  thermo-electricity  or  rotatory  power. 

Crystallised  antitartaric  acid  contains  31*90  p.  c.  C,  402  H,  and 
6408  0. 

When  equal  parts  of  antitartaric  and  tartaric  acid  (the  latter  either 
the  ordinary  acid  or  that  prepared  from  racemic  acid)  are  mixed  in 
concentrated  solution,  great  beat  is  evolved,  and  racemic  acid  produced, 
the  crystallisation  of  which  causes  the  mixture  to  solidify. 
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The  Afdkartrates  or  Lcevoraeematea  agree  completely  wilJi  the  titttmies 
in  specific  grayity,  double  refraction,  compoaition,  solabilitj^  &o.,  bat 
they  likewifio,  though  with  similar  crystalline  forms  and  eqaal  angles, 
exhibit  opposite  bemihedry,  thermo-electricity  and  rotation.  For  the 
peculiar  relation  of  the  lime-salt  dissolved  in  hydrochloric  acid  towards  polarised  light, 
aee  that  salt.  Equal  parts  of  the  antitartrate  and  tartrate  of  the  sam^ 
base  dissolved  in  water  combine  immediately  and  form  a  raoematd. 

IfeidrcU  ArUitartrate  of  Ammonia  generally  forms  the  same  crystals 
with  the  same  angles  as  the  tartrate,  only  with  opposite  hemihedry. 
Fig.  ^9,  with  easy  cleavage  parallel  to  i.  In  tartrate  o^  ammonia,  there 
occur  to  the  right  of  m,  first  two  hemihedral  faces,  then  the  two  a-faces^ 
whereas  to  the  left  of  m,  the  two  e^-faces  present  themselves  immediately; 
in  antitartrate  of  ammonia,  the  arrangement  of  the  faces  is  the  reverse.  — 
The  crystals  of  the  latter  contain  26*3  p.  c.  C  and  6'6  H,  and  are  there^ 
fore,  like  the  tartrate,  =  C*H*(NH*)'0^'.  Its  aqueous  solution  produces 
a  rotation  to  the  left  as  strong  as  that  produced  by  tartrate  of  ammonia 
to  the  right.  —  A  solution  strongly  supersaturated  with  ammonia,  some- 
times deposits  irregular  tetrahedrons,  which,  when  taken  out  ot  the 
mother-liquor,  become  opaque  in  the  interior.  [Respecting  the  indices  of 
refraction,  &c.  of  this  and  the  two  following  salts,  vid.  S^narmont,  J^.  Ann.  Chim, 
Phps.  33,  391 ;  Poffff,  86,  35 ;  abstr.  Compt  rend.  33,  447;  Jahresber,  1851,  161.] 

Antitartrate  of  Soda  and  Ammonia.  —  Preparation  (comp.  p.  365).  •— 
1  pt.  of  racemic  acid  is  neutralised  with  carbonate  of  soda  and  1  pt.  With 
ammonia,  the  mixture  concentrated,  and  then  either  left  to  evaporate 
freely  or  cooled,  whereupon  it  yields  the  two  kinds  of  crystals  in  exactly 
equal  quantities,  whether  the  quantity  of  mother-liquor  which  remains 
be  large  or  small.  The  resulting  crystals,  which  resemble  those  of 
Rochelle  salt  (Fig.  dO),  exhibit  two  additional  faces,  one  belot^  the  other, 
yandy^,  between  p  and  m.  Moreover,  in  the  crystals  of  tartrate  of 
soda  and  ammonia,  there  occurs  a  truncation-face  between  p  and  it  on 
the  riffht  side  .(as  well  as  diametrically  opposite),  and  in  those  of  anti- 
tartario  acid  on  the  left  (sometimes  the  oppositely  situated  faces  are 
likewise  present,  but  less  developed).  It  is  oy  this  character  that  the 
difference  of  the  two  crystals  is  recognised,  and  their  separation  effected, 
after  they  have  been  freed  from  the  mother-liquor  by  pressure  between 
paper.  As  it  is  not  possible  to  effect  a  very  complete  separation  of 
crystals  which  have  grown  together,  they  must  be  dissolved  in  the 
heated  mother-liqnor,  the  ammonia  being  replaced  as  it  evaporates, 
whence,  after  a  lew  days,  they  are  deposited  separately,  provided  the 
solution  is  not  too  concentrated.  The  picking  out  of  the  crystals  is  best 
performed  in  the  morning,  because,  as  the  temperature  rises,  the  hemi- 
hedral faces  are  rendered  less  distinct  by  partial  solution  of  the  crystals. 
The  selected  crystals  are  purified  by  recrystallisation  from  water,  race-, 
mate  of  soda  and  ammonia  then  remaining  in  the  mother-liquor,  and 
separating  into  the  two  kinds  of  crystals  on  further  evaporation.  The 
specific  gravity  of  the  crystals  (like  those  of  tartrate  of  soda  and 
ammonia)  is  1  '576.  They  dissolve  (exactly  like  the  tartrate)  in  3*74  pts. 
of  water  at  0^ 

Antitartrate  of  Soda  and  Potash.  —  May  be  prepared  iii  the  same 
manner,  or  by  saturating  antitartaric  acid  half  with  soda  and  half  with 
potash.  Isomorphous  with  the  preceding  salt,  and  also,  with  excep- 
tion of  the  oppositely  placed  hemihedral  faces,  with  Rochelle  salt.  Thef 
first  mode  of  preparation  sometimes  yields  individual  homehecM  crystals, 
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some  of  which  are  fonnd  (by  the  reaction  with  lime-aalts)  to  he  racematea 
(or  miztares  of  tartrate  and  antitartrate)  while  others  behare  like  one  or 
the  other  of  these  salts. 

AniUartrate  of  Lime,  — Antitartrate  of  ammonia,  or  one  of  the  above- 
mentioned  double  salts,  mixed  with  a  dilute  solution  of  a  lime- salt, 
deposits,  after  a  while,  small,  hard,  brittle,  shining  rhombic  prisms,  havinff 
certain  perfectly  homohedral  truncations  by  which  thej  may  be  converted 
into  octohedrons.  They  contain  14*8  p  o.  0,  4*69  H,  therefore  8  At. 
water  of  crysljallisation.  They  agree  exactly,  in  form,  solubility,  &e., 
with  the  crystals  of  tartrate  of  lime,  which  are  likewise  perfectly  homo- 
hedral. When  mixed  with  the  latter,  they  immediately  form  raoemate 
of  lime.  Their  solution  in  hydrochloric  acid  turus  the  plane  of  polari- 
sation of  a  luminous  ray  to  the  right,  whilst  that  of  tartrate  of  lime  in 
hydrochloric  acid  turns  it  to  the  Ufi,  A  dilute  solution  of  a  lime-salt 
precipitated  with  antitartrate  of  ammonia  often  yields  at  first  tufts  of 
needles  haying  a  silky  lustre,  and  likewise  containing  8  At.  water  of 
crystallisation;  but  these  when  left  to  stand  till  the  next  day,  are 
oonyerted  into  separate  octohedrons. 

A  mixed  solution  of  antitartrate  and  tartrate  of  soda  and  ammonia 
mixed  with  a  dilute  solution  of  a  lime  salt,  instantly  forms  a  precipitate 
of  racemate  of  lime. 

Ammonio-antimonic  AntitartraU,  —  The  solution  yields  at  first  tetra- 
hedrons perfectly  similar  to  those  of  the  corresponding  tartrate  (p.  298), 
then,  by  eyaporation  of  the  mother-liquor,  right  rhombic  prisms  containing 
1405  p.  c.  C,  and  3*49  H,  therefore  4  At.  water  of  crystallisation,  which 
is  more  than  the  tetrahedrons  contain;  the  rhombic  crystals  are  trun- 
cated on  two  oppositely  situated  edges  between  p  and  u,  whereas  the 
right  rhombic  prisms  of  the  corresponding  tartrate  possess  the  oppositely 
placed  truncation-faces. 

Potamo--ant%7rumie  Antitartrate,  —  Transparent,  colourless,  shining 
djstals,  having  exactly  the  appearance  of  tartar- emetic,  but  likewise 
with  an  opposition  in  the  alternate  development  of  the  a-faces.  For  the 
figure  see  Pasteur's  memoir.  The  specific  gravity  of  the  crystals  is  2-477 
(while  that  of  the  crystals  of  tartar-emetic  is  2*557);  they  contain  14*45 
p.  0.  G  and  1  '47  H,  and  their  aqueous  solution  turns  the  plane  of  pola- 
risation of  a  luminous  ray  to  the  left,  as  much  as  an  equally  strong 
solution  of  tartar-emetic  turns  it  to  the  right.  (Pasteur.) 

%,  The  exact  similarity  of  tartaric  and  antitartaric  acid,  exhibited  in 
the  compounds  just  described,  exists  only  so  long  as  these  acids  are 
combined  with  optically  inactive  substances.  Their  compounds  with 
optically  active  bodies  exhibit,  on  the  other  hand,  neither  similar  com- 
position nor  equal  solubility;  neither  are  they  similarly  afiected  by  rise 
of  temperature.  In  many  instances,  indeed,  the  one  acid  is  capable  of 
forming  compounds  which  cannot  be  obtained  with  the  other.  Thus,  acid 
tartrate  of  ammonia  combines  in  equal  numbers  of  atoms  with  optically 
active  acid  malate  of  ammonia  (p.  218);  but  acid  antitartrate  of  am- 
monia does  not  form  any  such  compound.  —  The  compound  of  anti- 
tartramide  with  optically  active  malamide  is  much  more  soluble  than  the 
corresponding  compound  of  tartramide,  and  differs  from  it  in  crystalline 
form  (p.  845).  —  Asparagine  forms  a  beautifully  crystalline  compound 
with  tartaric  acid,  but  with  antitartaric  acid  only  a  syrupy,  non-crystal- 
lising  liquid.  —Similar  differences  are  observed  m  the  compounds  of  the 
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two  acids  with  orgaDio  alkalis.  Thns  neutral  tartrate  of  cinchonine 
contains  8  At.  water;  gives  off  its  water  and  becomes  coloured  at  1 00^^ 
and  dissolves  readily  in  absolute  alcohol;  whereas  the  neutral  anti- 
tartrate  contains  only  2  At.  water,  and  though  it  likewise  gives  off  its 
water  at  100^,  and  from  that  point  upwards  exhibits  the  same  com- 
position as  the  tartrate^  can  nevertheless  support  a  temperature  of  140** 
without  becoming  coloured;  it  is  also  but  sparingly  soluble  in  absolute 
alcohol.  —  The  tartrates  and  antitartrates  of  brucine  also  differ  in  crys- 
talline form,  solubility,  &c.  —  The  corresponding  salts  of  strychnine 
contain  equal  quantities  of  water  of  crystallisation,  but  differ  in  the  force 
with  which  they  retain  their  water,  also  in  form  and  in  solubility. 

The  rotatory  powers  of  the  two  opposite  acids  are  altered  in  an 
equal  degree  by  combination  with  an  optically  inactive  substance,  such 
as  potash;  but  combination  with  an  active  substance,  such  as  cinchonine, 
increases  the  rotatory  power  of  the  one  acid  while  it  diminishes  that  of 
the  other,  and  if  its  own  optical  power  be  sufficiently  great,  may  even 
reverse  it.  (Pasteur.) 


f.  InactiYe  Tartaric  Acid. 

C«H«0«=C«HK)SO«. 

Pasteur.     C<nnpt  rend,  37,  162;  Ann.  Fharm,  88,  212;  Chem.  Soe 
Qu.  J.  6,  277. 

Obtained  from  ordinary  tartaric  or  antitartaric  acid  by  the  same  process 
as  artificial  racemio  acid,  viz.,  by  heating  the  tartrate  or  antitartrate  of 
cinchonine.  When  the  racemic  acid  thereby  produced  has  been  pre- 
cipitated as  a  lime-salt,  the  liquid;  if  immediately  filtered,  deposits,  after 
24  hours,  crystals  of  inactive  tartrate  of  lime,  from  which  the  acid  may 
be  obtained  by  the  action  of  sulphuric  acid.  The  formation  of  the 
inactive  tartaric  acid  takes  place  at  the  expense  of  the  racemic  acid  pre- 
viously formed;  for,  when  racemate  of  cinchonine  is  kept  for  some  hours 
at  170"^,  a  large  proportion  of  the  racemic  acid  is  converted  into  inactive 
tartaric  acid. 

Inactive  tartaric  acid  is  identical  in  composition  with  ordinary 
tartaric  acid,  and  resembles  it  in  all  its  properties,  excepting  that  it  has 
no  action  upon  polarised  light.  It  is  distinguished  from  racemic  acid  by 
not  being  divisible  into  two  oppositely  active  acids.  It  is  crystallisable, 
and  forms  salts  quite  equal  in  beauty  to  the  tartrates  and  raeemates. 
(Pasteur.)  IT. 
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FURFENE-SERIES.      C'^H*. 

o.     Oxyffmnucleui.    C»«H*0«. 

Furforol. 

C*'>H*0*=C^«H*0*,0*. 

D5BBREINEH.   (1831.)   Schto,  63,  368. — Ann.  Fharm.  3,  141;  J.  pr 

Chem,  46,  167. 
Stbnhouse.    Ann,  Pharm.  85,  301;  also  FkU.   Mag.  J.   18,   122. — 

Further:    Ann,  Fharm,  74,  278;  abstr.  Fharm.  Centr,  1850,  625; 

Fha.  Mag.  J,  37,  226;  In^U.  J  850,  41 2. 
O.  FowNES.     FhU.   Tram,  1845,   253;  also  Ann.  Fharm.  54,  52. — 

Further:  Fharm.  J.  Trans,  8,  113. 
Cahours.     N.  Ann.  Chim.  FhyB.  24,  277;  also  Ann,  Fharm.  69,  82; 

also  /.  pr.  Chem.  46,  45. 

ArtifieUl  OU  ^  AnU,  iMmtUehei  AmeUendl. 

Formation.  1.  By  heating  sugar  with  moderatelj  dilute  snlphnrio 
acid  and  peroxide  of  manganese.  (D'dbereiner.)  —  2.  By  heating  hnn 
(Morson  &  Fownes)  or  flour  (Stenhouse,  Fownes)  with  nioderatelv  dilute 
sulphuric  acid.  —  When  sugar,  starch,  or  saw-dust  is  distilled  witli  dilute 
sulphuric  acid  without  manganese,  no  furfurol  is  obtained.  (Dcibereiner.) 
•^Cahours  likewise  obtained  none  from  pure  starch,  woody  fibre,  or 
gluten  with  dilate  sulphuric  acid;  and  bran  distilled  merely  with  water, 
likewise  yielded  no  furfurol.  According  to  Stenhouse,  on  the  other 
hand,  chips  or  shavings  distilled  with  dilute  sulphuric  acid,  yield  furfurol; 
also  linseed  cake,  the  woody  shell  of  the  cocoa-nut,  and  mahogany.  The 
furfurol  obtained  from  mahogany  is  very  free  from  resin,  and  more  easily 
purified  than  that  obtained  from  other  sources.  According  to  Emmet 
(StU.  Amer.  J,  32,  140;  also  J,  pr.  Chem.  12,  120),  sugar,  starch,  gum, 
and  wood,  distilled  with  sulphuric  acid,  so  far  diluted  as  not  to  exert  aay 
carbonising  action,  yields  at  100°,  scarcely  anything  but  furfurol;  but  as 
soon  as  the  residue  blackens,  nothing  bat  formic  acid  is  obtained. — 
IT.  Fownes  likewise  obtained  only  indistinct  indications  of  furfurol  by 
distilling  starch  with  dilute  sulphuric  acid,  and  from  recently  washed 
linen,  not  a  trace.  He  is  of  opinion  that  the  source  of  the  furfurol  is  to 
be  found  in  the  matter  which  lines  the  interior  of  the  vegetable  cells, 
called  by  Payen,  matHre  inertutante.  — 3.  By  heating  bran  with  a  very 
strong  solution  of  chloride  of  zinc.  The  greater  the  quantity  of  starch 
in  the  bran,  the  smaller  is  the  qaantity  of  furfurol  obtained.  Fure  starch 
and  pectin  distilled  with  chloride  of  zinc,  do  not  yield  farfarol.  Bran 
distilled  with  chloride  of  calcium  does  not  yield  furfurol,  but  possiblj 
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might  do  80  if  heated  under  pressure.  (Babo,  Ann.  Pharm,  B5,  100.)  — 
4.  Furfurol  is  likewise  found  among  the  products  of  the  dry  distillation 
of  sugar.  ( Vblckel,  Ann.  Fharm.  85,  bd.)  IT. 

Preparation,     1.  One  part  of  sugar  is  distilled  with  3  pts.  of  man- 
ganese, 3  pts.  of  oil  of  vitriol,  and  5  pts.  of  water;  the  formic  acid  in  the 
distillate  saturated  with  carbonate  of  soda;   the  liquid  redistilled;  the 
distillate  saturated  with  chloride  of  calcium;  and  lastly,  the  furfurol  dis- 
tilled off.  (Dobereiner.)  —  2.   One  part  of  wheat-flour  or  saw-dust  is 
distilled  with  1  pt.  of  oil  of  vitriol  diluted  with  an  equal  bulk  of  water  in 
a  copper  still,  which  may  be  half  filled  with  the  mixture,  the  distillation 
being  continued  till  the  residue  begins  to  char;  the  distillate,  together 
with  about  as  much  water  as  was  at  first  used,  poured  back  into  the  still; 
the  liquid  redistilled  nearly  to  dryness;  the  formic  and  sulphurous  acids 
in  the  distillate  —  which  is  rendered  milky  by  the  furfurol  —  saturated 
with  hydrate  of  potash,  which  colours  the  liquid  yellow;  one-fourth  of 
the  liquid  then  distilled  ofi*;  the  resulting  distillate  mixed  with  a  large 
quantity  of  chloride  of  calcium  and  partially  distilled;  and  this  process 
repeated,  if  necessary,  till  the  greater  part  of  the  oil,  which  is  surmounted 
by  an  aqueous  ^lution  of  itself — is  obtained  in  the  free  state.     By  this 
process,  100  pts.  of  flour  yield  0'52  pts.  of  furfurol.    (Stenhouse.)  — 
8.  Two  parts  of  oatmeal  are  heated  with  2  pts.  of  water  and  1  pt  of 
oil  of  vitriol  in  a  still,  and  the  mixture  stirred,  till  the  pasty  mass  has 
become  liquid  from  formation  of  dextrin;  the  liquid  then  distilled;  1  pt. 
more  of  water  added  as  soon  as  sulphurous  acid  begins  to  escape;  the 
distillation  continued  till  sulphurous  acid  comes  ofi*  in  larger  quantity; 
the  whole  distillate  poured  back  into  the  still;  half  of  it  poured  ofi*;  and 
this  half  neutralised  as  in  (2),  with  hydrate  of  potash,  ko.  (Fownes.^  -^ 
4.  Two  pts.  of  bran  are  distilled  in  a  similar  manner  with  2  pts.  of  oil  of 
vitriol  and  6  pts.  of  water:  by  this  process,  100  pts.  of  bran  yield  0*8 
pts.  of  furfurol.  (Fownes.)    In  subsequent  experiments,  Fownes  obtained, 
by  distilling  64  oz.  (troy)  of  wheat-bran  with  32  oz.  sulphuric  acid  and 
an  equal  volume  of  water,  1  oz.  of  furfurol;  and  from  64  oz.  wheat  flour, 
treated  in  the  same  manner,  about  1^  drm.  of  impure  furfurol.  —  5.  Six 
pts.  of  bran  are  distilled  with  5  pts.  of  oil  of  vitriol  and  12  pts.  of  water  in 
a  capacious  still,  till  a  strong  odour  of  sulphurous  acid  is  emitted,  and  the 
distillate  partially  and  repeatedly  rectified  over    chloride  of  calcium. 
100  pts.  of  bran  yield  by  this  process  2'6  pts.  of  furfurol  in  all,  part  of 
which  is  held  in  solution  in  the  watery  distillate,  but  may  be  precipitated 
by  ammonia  in  the  form  of  furfuramide.   (Cahours.)  —  6.  To  save  the 
repeated  rectifications,  the  first  bran  distillate  may  be  immediately  satu- 
rated with  ammonia;  the  mixture  set  aside  for  24  hours  in  a  cool  place, 
and  shaken  occasionally;  the  furfuramide  which  separates  distilled  with 
dilute  hydrochloric  acid  not  in  excess,  and  the  distillate  rectified  over 
chloride  of  calcium.  (Dobereiner.) — IT.  7.  According  to  Stenhouse,  the 
most  advantageous  process  for  preparing  furfurol  is  to  distil  bi-an  with 
more  tlian  half  its  weight  of  sulphuric  acid  previously  diluted  with  2  pts. 
of  water.     Hvdrochloric  acid  may  also  be  used,  but  it  has  the  disadvan- 
tage of  distilling  over  with  the  oil.     To  obtain  furfurol  in  large  quantity, 
Stenhouse  mixes  32  pounds  of  wheat-bran  with  20  pounds  of  sulphuric  acid, 
diluted  as  just  mentioned,  in  a  capacious  three-necked  glazed  earthenware 
Woulfes  bottle  (such  as  are  used  in  the  preparation  of  nitric  and  hydro- 
chloric acid  on  the  large  soale);  dietils  by  passing  steam  into  the  mixture; 
neutralises  the  strongly  acid  distillate  with  chalk;  rectifies  the  distillate 
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repeatedly;  and  separates  the  oil  by  saturating  the  liquid  with  oomroou 
salt  and  redistilling:  this  process  yields  from  12  to  13  ounces  of  crude 
furfurol,  containing  a  considerable  quantity  of  acetone. 

Bran  and  chloride  of  zinc  (in  the  proportion  of  3  to  2f  :  1),  in  the 
state  of  solution  strong  enough  to  form  a  damp  mass  cohering  in  lumps, 
are  distilled  together,  whereupon  water  passes  over  first,  then  fnrfurol, 
then  hydrochloric  acid,  and  lastly  a  solid  fatty  mass  consisting  of  uiargaric 
acid,  with  a  small  quantity  of  a  hydrocarbon.  The  distillate  is  strained 
through  linen,  neutralised  with  potash,  saturated  with  common  salt,  and 
rectified;  and  the  furfurol,  after  being  separated  from  the  water  which 
passes  over  with  it,  is  dried  over  chloride  of  calcium  and  again  rectified. 
The  watery  portion  of  the  distillate  still  contains  a  little  furfurol,  which 
may  be  converted  into  furfuramide  as  in  (6).  Six  pounds  of  bran  thus 
treated  yielded  from  1  to  2  oz.,  and  sometimes  more  of  furfurol;  bran 
containing  a  larger  proportion  of  starch  yielded  less.  (Babo,  Ann,  Pkarm, 
85,  100.J) 

Crude  fnrfurol  obtained  from  any  of  the  preceding  sources  is  always 
contaminated  with  another  aromatic  oil,  Mdtafu/rfurol,  which  has  a  higher 
boiling  point;  oxidises  very  readily;  is  for  the  most  part  converted  during 
the  distillation  into  a  brown  resin;  and  when  mixed  with  a  few  drops  of 
strong  sulphuric,  hydrochloric,  or  nitric  acid,  immediately  exhibits  a 
purple  colour,  a  reaction,  formerly  indicated  by  Stenhouse  and  Fownes  as 
characteristic  of  furfurol,  erroneously,  however,  for  pure  furfurol  does  not 
exhibit  it.  Furfurol  may  be  freed  from  metafurfurol  by  repeated  rectifi- 
cation; the  latter  being  less  volatile,  and  much  more  oxidable,  remains- 
behind.  The  purity  of  the  product  may  be  tested  by  boiling  an  aqueous 
solution  of  the  furfurol  for  a  few  minutes  with  caustic  potash,  and  treating 
the  dark  yellow  liquid  with  excess  of  sulphuric  or  hydrochloric  acid;  if 
metafurfurol  is  present,  a  deep  red  colour  is  producea;  if  not,  the  colour 
remains  unchanged.  (Stenhouse.)  IT. 

ProperHes.  Colourless  oil.  (Stenhouse,  Dcbereiner.)  Colourless  when 
recently  prepared,  but  soon  turns  yellow,  even  in  the  dark,  and  brown 
when  exposed  to  light;  under  water  these  changes  take  place  more 
slowly.  (Fownes.)  Refracts  light  stongly.  (Dobereiner.)  Sp.  gr. 
M006  at  le"*  (Stenhouse);  M68  at  16^  (Fownes.)  Boils  steadily  at 
161  7°  (Fownes);  at  162°  (Cahours);  at  168°.  (Stenhouse.)  [Later  deter- 
minations: Sp.  gr.  11 648  at  156°.  (Fownes.)  Boils  at  1628°  to  163*3*, 
in  metallic  vessels,  bar.  29*9  inches  (Fownes);  at  66°.  (Stenhouse.)  The 
lower  boiling  points  found  by  Cahours  and  Fownes  appear  to  be  due  to 
the  presence  of  acetone.  (Stenhouse.)]  Volatilises  unchanged.  Vapour- 
density  =  3-344  (Cahours);  3-49.  (Fownes^  Smells  like  a  mixture  of 
the  oils  of  cinnamon  and  bitter  almonds  (Dobereiner,  Fownes),  and  has 
an  aromatic  taste  like  that  of  cinnamon-oiL 

Stenhouse.  Fownes.      Cabours. 

IOC 60     ....     62-50     62-34     ...  62-33     ....     6235 

4  H    4     ....       4-17     4-40     ....       4*29     ....       4*26 

4  O    32     ....     33-33     33*26     ....  33*38     ....     33*39 


CWH*0<   96     ....  100-00     100  00     ....  10000     ....   10000 

Vol.  Density. 

C-vaponr 10  ....  4*1600 

H-gas 4  ....  0-2772 

0-gas 2  ....  2-2186 


Furfurol- yapour 2    ....     6*6558 

1     ....     3-3279 
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Decompodtiom.  I.  Farfurol  is  verj  inftammahle,  and  barns  with  a 
yellow,  very  smoky  flame.  (Stenhouse.)  —  2.  When  kept  under  water,  it 
merely  turns  yellow,  but  by  itself  it  turns  brown  in  a  few  hours,  and  is 
conyerted  in  the  course  of  years  into  a  brown  tar,  which  when  distilled 
with  water,  gives  off  the  undecomposed  portion  of  the  furfurol,  together 
with  a  small  quantity  of  formic  acid,  and  leaves  a  pitchy  residue,  inso- 
luble in  water,  but  soluble  in  potash,  and  precipitated  therefrom  by  acids. 
iFownes.)  —  3.  With  Chlorine  it  merely  forms  black  resinous  products. 
Cahours.)  —  4.  Hot  Nitric  acid  (even  when  dilute,  according  to  Cahours), 
converts  it,  with  violent  evolution  of  nitrous  fumes,  into  oxalic  acid. 
(Fownes.)  —  Metafurfurol  is  converted  by  nitric  acid  into  ozypicric  or  some  similar 
acid.  (St«Dhou8c.) — 5.  By  sulphuric  acid  with  Peroxide  of  Manganese. 
or  by  Chromic  acid,  it  is  quickly  converted  into  a  brown  snbstance. 
(Cahours.)  —  6.  The  solution  of  furfurol  in  cold  OU  of  Vitriol  decom- 
poses when  heated,  with  formution  of  sulphurous  acid  and  charcoal. 
(Fownes.)  —  7.  Coldi  Hydrochloric  acid  imparts  to  it  a  fine  red,  hot  hydro- 
chloric acid,  a  dark  brown  colour.  (Stenhouse.)  It  behaves  with  strong 
hydrochloric  acid  in  the  same  manner  as  with  oil  of  vitriol.  (Fownes.) 
[Pure  farfurol  is  converted  by  strong  hydrochloric  or  sulphuric  acid  into 
a  black-brown  resin,  without  previous  red  colouring;  metafurfurol  is 
coloured  purple  by  those  acids,  and  also  by  nitric  acid.  (Stenhouse,  Ann, 
Fharm.  74,  282.)]— -8.  It  dissolves  slowly  in  cold,  more  quickly  in  hot 
potashrleyy  and  is  precipitated  therefrom  by  acids,  in  the  form  of  a  resin. 
(Fownes.)  It  is  not  decomposed  by  aqueous  or  alcoholic  potash,  but  when 
.heated  with  solid  hydrate  of  potash  it  is  converted  into  a  resin.  (Sten- 
house.) —  9.  Potassium  decomposes  it  with  evolution  of  gas.  (Stenhouse.) 
—  Potassium  acts  but  slowly  apon  it  in  the  cold,  but  when  heated  with 
it,  produces  fiery  explosion  and  separation  of  charcoal.  (Fownes.)  — 
10.  With  Ammonia,  furfurol  forms  furfuramide.  (Fownes,  p.  376.)  — 
^[.  Other  products,  not  of  basic  character,  are  likewise  formed.  When  fur- 
furol purified  by  distillation  over  lime,  was  treated  with  ammonia,  and  the 
mother-liquor  separated  from  the  furfuramide  evaporated,  it  deposited 
long  crystalline  needles  of  a  black-brown  deliquescent  substance,  which 
exhibited  an  acid  reaction  when  dissolved  in  water,  and  gave  off  ammonia 
on  being  heated  with  potash  or  with  lime.  In  the  latter  case,  a  neutral, 
deliquescent,  crystallisable  lime- salt  was  fonned,  containing  an  acid  not  yet 
examined.  (Svanberg  &  Bergstrand,  J.pr.  Ckem.  66,  230.)  ^.  — 11.  With 
StUphide  of  Ammonium,  furfurol  forms  thiofurfol.  (Cahours,  p.  374.)  — 
[MeUfurfurol  does  not  form  any  crystalline  amide  with  ammonia,  but  is  converted 
by  that  body  into  a  brown  resinous  mass.  (Stenhouse.)] 

Combinations.  Furfurol  dissolves  pretty  abundantly  in  Water,  im- 
parting its  odour.  (Dobereiner  &  Stenhouse.)  —  Metafurfurol  is  less  soluble. 
(Stenhouse.)  — Furfurol  dissolves  in  12  pts.  of  water  at  15*6°;  (Fownes,) 
in  11  pts.  at  13°  (Stenhouse). 

Furfurol  dissolves  in  cold  OU  of  Vilriol  with  splendid  purple-red  colour, 
[without  colour  when  free  from  metafurfurol  (Stenhouse),]  and  is  sepa- 
rated from  the  solution  by  water.  (Fownes. ) 

It  dissolves  Iodine  abundantly,  withont  violent  action.  (Stenhouse.) 

It  dissolves  in  9  pts.  of  strong  aqueous  ammonia  at  13 '5°.  (Sten- 
house.) 

It  dissolves  very  readily  in  Alcohol.  (Stenhouse,  Fownes.) 

Tf.  FucusoL.  —  Obtained  by  treating  sea -weed,  e.  g.  Fucus  nodosus, 
F,  vesicitkUus,  F,  serratus,  &c.  with  dilute  sulphuric  acid,  in  the  same 
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manner  as  bran  is  treated  for  the  preparation  of  farfarol  (p.  371  >  7). 
The  oil  thus  obtained  contains  a  large  quantity  of  acetone,  which  may 
be  removed  by  washing  with  water,  redistilling  at  a  lower  temperatare, 
and  rejecting  the  first  portion  which  passes  over.  It  also  contains  meta- 
furfnrol,  or  a  similar  impurity,  from  which  it  may  be  separated  bv 
repeated  rectification  with  water,  as  in  the  purification  of  furfurol. 
Lastly,  it  is  dried  over  chloride  of  calcium  and  redistilled.  The  quantity 
of  fucnsol  thus  obtained  from  sea-weed,  is  only  about  a  fourth  of  that 
of  the  furfurol  obtained  from  bran.  (Stenhouse,  Ann.  Fharm,  74,  284.) 

Fucusol  resembles  furfurol  in  most  of  its  properties.  When  recently 
prepared,  it  is  colourless,  but  turns  yellow  and  brown  in  a  few  days, 
especially  when  it  contains  metafurfurol.  In  the  pure  state,  it  may  be 
kept  unaltered  for  a  long  time  in  hermetically  sealed  tubes.  Sp.  gr.  1*150. 
Boiling  point  1)etween  171^  and  172°.  (Stenho.nse.) 

Stenhoase. 
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4 

....     62-50    .... 
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....     6219 
....       4-43 
....     o<5'do 

....     62-59 
....      4-59 
....     32-82 

....     62-32 
4-48 

4  0    

32 

....     33-20 

C»H*0*  96     ....  100-00     10000     ....  100-00     ....  10000 

Isomeric  with  fariurol :  Stenhouae  gives  the  formula  C^HK)" ;  he  does  not  appear 
to  have  determined  the  vapour- density. 

Fucnsol  is  much  less  stable  than  furfurol.  Snlphnric  acid  colours  it 
yellowish  brown,  hydrochloric  acid  green,  and  nitric  acid  light  yellow;  if 
however  it  contains  metafurfurol,  all  these  acids  colour  it  purple-red. 
Potash-ley  colours  it  yellow  at  firsts  but  the  colour  afterwards  changes  to 
dark-red.  It  imparts  a  deep  yellow  colour  to  the  skin,  and  on  moistening 
the  yellow  spots  with  aniline,  a  rose-oolour  is  produced  (the  same  reao- 
tion  is  exhibited  by  furfurol).  •—  With  ammonia  fucusol  forms  fucusamide 
isomeric  with  furfnramide,  and  with  sulphide  of  ammonium  it  forms  thio- 
fuousol  isomeric  with  thiofurfol.  (Stenhouse.) 

Fucusol  dissolves  in  14  pts.  of  water  at  IS^,  and  in  12  pts.  of  strong 
aqneous  ammonia  at  13*5^.  (Stenhouse.) 

Moss  (SpkaffHum)  and  ▼arious  species  of  Uchen,  Oeiraria  isknuUea,  Ulntear  iZraic- 
ImMf  &c.f  distilled  as  above  with  dilute  sulphnric  acid,  yielded  an  oil  which  appeared  to 
be  identical  with  fucusol,  inasmuch  as  it  formed  with  ammonia  an  amide,  which,  when 
treated  with  boiling  potash-ley,  formed  a  difficultly  crystalLisable  base  whose  platinum- 
salt  crystallised  in  the  same  form  as  that  of  Aicusine  (p.  383).  Fern  (Pterit  aquiUma) 
yielded  an  oil  which  appeared  to  be  intermediate  in  its  properties  between  furftirol  and 
ftacusol,  the  base  formed  by  treating  its  amide  with  potash  crystallising  with  fiuality  and 
in  the  same  form  as  furAirine,  while  the  platinum-salt  resembled  that  of  fucuaine. 
(Stenhouse.) 

Thiofurfol. 

Cahours    (1848).    iV.   Ann,   Ghim,  Fhy$.  24,  381;  also  Ann.  Pharm. 
69,  85;  also  J,  pr.  Chem,  46,  45. 

Formation-  By  the  action  of  sulphide  of  ammonium  on  furfurol;  or 
of  sulphuretted  hydrogen  on  furfnramide. 

CiOH^o*  +  2NH*S  =  C»0H^O'S3  +  2HO  +  2NH»; 
and 

C»N»H»»0«  +  6HS  -  3C»H*0»S«  +  2NH». 


JIV     ^^-'asaxtsi**** 
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32 
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Preparation.  Salpbaretied  hydrogen  is  slowly  passed  through  a 
solution  of  furfuramide  in  a  large  quantity  of  alcohol,  and  the  preci- 
pitated powder  washed  with  alcohol.  (Gahours.)  — •  Fncnsamide  similarly 
treated  yields  thiofacnsol,  isomeric  with,  and  similar  in  every  respect  to, 
thief urfol.  (Stenhouse.) 

JPraperties,  Yellowish  crystalline  powder.  If  the  sulphuretted  hydro- 
gen be  passed  quickly  through  a  warm  concentrated  alcoholic  solution  of 
furfuramide,  the  thiofarfol  separatee  in  the  form  of  a  resin,  bnt  with  the 
same  composition.  (Cahours.) 

CahoQn.  Stenhoiue. 

puheruieitt.   rerinow,    TJU^ucms^L 

....    53*58     ^     53*71     ....     53*29    ....     53*12 

...      3*57    3*69    ....      3*82    ....       3*95 

...     14-28     14*32     ....     14*72     ....     14*28 

..;    28*57     28*28     ....     28*17     ....     28*65 

C»H*0»S»    112    ....  100-00    100*00    ....  10000    ....  100*00 

Stenboiufi'i  UuofdcoBol  wai  precipitated  from  a  cold  alcoholic  solution  of  fdca- 
lamide. 

DeeomposUions.  1 .  Thiofurfol  melts  when  heated,  and  yields  a  sab* 
limate  of  C"H»0*  (vid.  inf.).  [Probably  thus : 

2CX»H«0>&^  -  CWHH)*  +  2CS».] 

2.  When  heated  in  contact  with  the  air,  it  diffuses  a  strong  repulsiye 
odour,  and  bums  with  a  bluish  flame,  somewhat  smoky,  and  with  the 
odour  of  sulphurous  acid.  (Cahours.) 

The  compound,  C^'H^OS  purified  by  two  crystallisations  from  alcohol, 
appears  in  oolonrless  or  yellowish,  iridescent,  long,  hard,  easily  friable 
needles. 

It  is  yiorently  attacked  by  nitric  acid,  and  conyerted  into  oxalic 
acid. 

It  is  insoluble  in  cold  water,  bnt  dissolves  sparingly  in  hot  water, 
whence  it  crystallises  on  cooling;  tolerably  well  in  ether;  and  also  in 
alcohol,  especially  when  warm,  forming  a  solution  which  slowly  turns 
brown  on  exposnre  to  the  air.  (Cahoars.) 

Cahomrs. 

18  C  108  .-.  72*97 72*91 

4  H 8  ....   5*41  «   5*27 

4  O  ^ 32  ....  21*62  21-82 

C»H»0* 148    ....  100-00    10000 

[Do«btlet8  bdoDging  to  the  ketones  (yn,  214)  »  C^^^H^O^  +  CH^]  Stenhouae 
obtained  a  rimilar  compound  from  Uuofuciiaol,  but  not  in  snfficient  quantity  for  analjiis. 
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Conjugated  Compounds  of  Futfurol. 

Forfuramide. 

C»N>H»0'=:C»Ad»HWI 

F0WNE8  (1845).  FhU,  Trans.  1845,  253;  also  Ann.  Fharm.  54,  52. 

Formation  and  Preparation.  Furfurol  set  aside  with  five  times  its 
Tolnme  of  aqueous  ammonia,  is  converted  partially  in  a  few  hours,  and 
completely  after  a  lon^r  time,  into  a  yellowish  white,  bulky,  crystalline 
mass  of  furfuramide.  A  mixture  of  aqueous  furfurol  and  ammonia  yields 
the  same  compound  in  a  few  days,  purer  and  whiter  (Fownes) : 

SC^EHy*  4  2NH»  -  C«WH»0   +  6HO. 

Properties,  The  yellowish  white  crystalline  mass,  dissolred  in  hot 
alcohol,  crystallises  on  cooling  in  short  needles  united  in  tufts.  Fusible. 
Nearly  inodorous  when  dnr.  (Fownes.) 

%.  Stenhouse  obtained  fucusamide  from  fncusol,  in  a  similar  manner 
to  the  above;  but  as  fucusol  is  much  less  soluble  in  ammonia  than  fur- 
furol, a  larger  quantity  of  ammonia  must  be  used  in  the  preparation, 
and  the  two  liquids  mixed  by  frequent  agitation.  Fucusamide  thus 
obtained  resembles  furfuramide  in  appearance  and  properties,  and  crys- 
tallises from  hot  alcohol  in  groups  of  long  needles.  %. 


30  C 

2  N 

loU 

28 

....    6717     . 
....     10*45    . 
....       4-47     . 
....     17-91     . 

Fownes. 
J^trfttrmftitU. 
66-59 

10-43 

4-51 

18-47 

StenhoQse 
(m«aii) 
FucHsatmide. 
67-11 
10*23 

12  H 

12 

4 '66 

6  0 

48 

18-00 

C*»N»H»0»  

268 

....  10000    . 

10000 

100*00 

Decompositions*  1.  Furfuramide  bums  with  a  smoky  flame,  and 
leaves  a  small  quantity  of  charcoal.  —  2.  When  exposed  to  damp  air,  or 
heated  with  water  or  alcohol,  it  is  slowly  resolved  into  ammonia  and 
furfurol;  acids  produce  this  decomposition  instantly.  (Fownes.)  Fucusa- 
mide is  much  less  stable  than  furfuramide.  (Stenhouse.) — 3.  Furfura- 
mide boiled  with  dilute  potash-le^,  is  converted,  without  the  slightest 
evolution  of  ammonia^  into  furfurme.  (Fownes.)  Similarly,  fucusamide 
into  fucusine.  (Stenhouse.)  —  4.  Furfuramide  treated  with  sulphuretted 
hydrogen  yields  thiofurfol  (Cahours);  and  fucusamide  yields  thiofucusol. 
(Stenhouse.) 

Combinations,  Furfuramide  is  insoluble  in  cold  wai^f  but  dissolves 
readily  in  alcohol  and  ether,  (Fownes.) 
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Furfdrine. 

C~N»H»0«  =  C»N»H»°0«,H>. 

FowNEfl.  (1845.)  Phil.  Tram.  1845,  253;  also  Ann.  Pharm.  54,  52. 
Stenhouse.     Ann.  Phaytn.  74,  289. 

Syanbkro  ^.  Brrgstrand.  —  Oefversifft  qf  AJcad.  Forhandlingar,  1854, 
309;  J.  pr.  Chem.  66,  239. 

Formation  and  Preparation.  1.  Dried  furfaramide  is  added  to  a 
large  quantity  of  dilate  boiling  potash-ley;  the  liquid  left  to  cool  slowly 
after  10  to  15  minutes,  whereupon  the  furfurine  which  has  separated  iff 
the  form  of  a  yellowish  oil  solidifies,  and  the  portion  remaining  in  solu- 
tion crystallises  out;  the  whole  of  the  furfurine  collected  on  a  filter, 
washed  with  cold  water,  and  dissolved  in  excess  of  boiling  aqueous 
oxalic  acid,  from  which  impure  acid  oxalate  of  furfurine  crystallises  on 
cooling ;  this  impure  oxalate  washed  on  the  filter  with  cold  water,  and 
dissolved  in  boiling  water;  the  solution  boiled  for  a  few  minutes  with 
animal  charcoal  previously  purified  by  hydrochloric  acid,  then  filtered  at  the 
boiling  heat;  the  pure  white  salt  which  separates  on  cooling  dissolved  in 
boiling  water;  the  solution  supersaturated  with  ammonia,  and  filtered  hot; 
and  the  crystals  of  furfurine  which  form  on  cooling  washed  with  cold  water. 
(Fownes.)  —  H.  The  crude  base  may  also  be  purified  by  repeated  solution 
in  alcohol  and  precipitation  with  water.  (Svanberg  3c  Bergstrand.)  — 
2.  Furfuramide  is  also  readily  converted  into  furfurine  by  heating  it  for 
half  an  hour  to  110° — 120°.  The  resulting  brown  mass  dissolved  in 
alcohol,  and  treated  with  excess  of  oxalic  acid,  yields  acid  oxalate  of 
furfurine,  from  which  the  base  may  be  obtained  as  above.  By  this  means 
furfurine  may  be  prepared  directly  from  furfurol,  viz.,  by  passing  dry 
ammoniacal  gas  into  furfurol,  heated  to  1 1 0° — 1 20°.  The  furfurol  then 
turns  brown,  and  in  the  course  of  half  an  hour  to  an  hour,  is  converted 
into  furfurine.  (0.  Bertagnini,  Ann,  Pharm.  88,  128.)  T 

Properties.  White  soft,  silky  needles,  resembling  those  of  coffeine. 
Melts  considerably  below  100°,  to  a  nearly  colourless  oil,  which,  on 
cooling,  solidifies  to  a  soft  resin,  and  afterwards  to  a  resinous  crystalline 
mass.  Permanent  in  the  air.  (Fownes.)  When  perfectly  dry,  it  remains 
unaltered  on  exposure  to  the  air;  but  when  moist,  it  quickly  turns 
greyish  green,  yellowish  brown,  and  often  red.  (Svanberg  &  Bergstrand.) 
Inodorous;  has  but  little  taste.  Has  an  alkaline  reaction,  which  is 
particularly  strong  in  the  hot  aqueous  or  alcoholic  solution.  (Fownes.) 
IT.  When  a  tolerably  strong  solution  of  neutral  sulphate  of  furfurine  is 
heated,  the  precipitated  brown  powder  (p.  379)  separated  by  filtration, 
and  the  filtrate  treated  with  ammonia,  furfurine  is  precipitate<(  not  in  the 
pulverulent  or  crystalline  state,  but  in  the  form  of  a  tough  coherent  mass, 
which,  after  a  little  kneading,  becomes  brittle  and  as  hard  as  stone;  the 
recently  precipitated  mass,  when  examined  by  the  microscope,  exhibits 
here  and  there  crystalline  groups  like  snow-flakes.  Furfurine  appears 
then  when  heated  to  pass,  like  quinine,  into  another  modification. 
(Svanberg  &  Bergstrand.)  IT. 
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Cry9tah  dried  m  vacuo  over  oil  qfvUriol.  FownM. 

30  C  180    ....     67-17  66-74 

2  N  28     ...      10-45  10-23 

12  H 12     ....       4-47  4-58 

6  O  48     ....     17-91  18-45 

C»N«H»K)»    268     ....  10000    10000 

Therefore  metameric  with  furfuramide. 

Decompogitions,  1.  Farfarine^  wben  heated  in  tbe  air,  burns  with  a 
red  smoky  flame,  and  leaves  a  trace  of  charcoal.  (Fownes.)  —  2.  Aqueous 
periodic  acid  decomposes  it,  with  separation  of  iodine.  (Bodeker,  Ann. 
Fharm.  71,  64.) 

C<mUnation$.  Furfarine  dissolves  in  137  pts.  of  boiling  water,  aad 
separates  oat  almost  completelj  on  cooling.  (Fownes.) 

Furfurine-talta.  —  Furfurine  dissolves  very  readily  in  dilute  acids  and 
neutralises  them  completely.  It  expels  ammonia  from  sal-ammoniac  at  a 
boiling  heat,  but  at  ordinary  temperatures  is  itself  precipitated  from  its 
eombiDations  with  acids,  by  ammonia,  potash,  or  soda.  The  salts  id 
furfurine  have  an  extremely  bitter  taste.  I'hey  are  precipitated  white 
by  corrosive  sublimate,  yellow  by  bichloride  of  platinum,  but  give  no 
precipitate  with  tincture  of  galls.  (Fownes.) 

Furfurine  is  capable  of  combining  with  carbonic  acid.  (Dobereiner.) 

T  Phosphate  of  Furfurine.  —  a.  Basie,  —  A  solution  of  the  salt  c, 
mixed  with  a  large  excess  of  the  alcoholic  solution  of  furfurine,  deposits 
this  salt  on  cooling,  in  long,  oblique,  four-sided  prisms,  which  are  white 
and  destitute  of  lustre;  anhydrous;  permanent  in  the  air;  may  be 
heated  to  120° — 125°  without  decomposition,  but  at  higher  temperatures, 
behave  like  the  two  following  salts.  They  dissolve  readily  in  water  and 
alcohol,  but  very  sparingly  in  ether.  The  solutions  have  an  alkaline 
reaction.  (Svanberg  <&  Bergstrand.) 

CryeiaU.  Svan.  Se  Bern. 

3(0WN«H»O«,HO)  833-0    ....    92-1 

PO»  71-4    _      7-9     7-7 

(C»N«H>H)»,HO)»,PO»  904-4     ....  1000 

(.  Keidral.  —  Obtained  by  adding  1  At.  furfurine  dissolved  in  alcohol 
io  a  solution  of  1  At.  of  the  salt  c,  and  heating  the  mixture.  The  filtrate 
on  cooling  deposits  white  shining,  oblique  four-sided,  anhydrous  prisma, 
which  in  the  dry  state  are  permanent  in  the  lur.  They  may  be  heated 
to  130° — 135°  without  decomposition,  but  at  higher  temperatures  behaye 
like  the  salt  c.  Dissolves  readily  in  boiling  water  or  alcohol,  but  is 
nearly  insoluble  in  ether.  (Svanberg  &  Bergstrand.) 

Cryiiaie*  Svanb.  &  Bergi. 

«  (C"N«H»0»,HO)  5540  ....  873 

HO    «..  9*0  ....  1-4 

PO» 71-4  ....     11*3    12a 


(CWW.HO)«J  p^ ^,.,  j^^ 


c.  Acid,  —  A  boiling  alcoholic  solution  of  furfurine,  mixed  with  a 
large  excess  of  ordinary  phosphoric  acid,  deposits  ctystals  on  cooling. 
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"whicb  gradually  assame  a  brownUh  Wlow  colour,  if  left  in  the  motber- 
liquor;  but  if  quickly  taken  out  and  pressed  between  paper,  retain  their 
silvery  lustre  on  subsequent  exposure  to  the  air.  —  Right  four-sided 
prisms,  so  short  that  they  appear  like  thin  lamin».  The  crystals  do  not 
diminish  in  weight  or  decompose  at  ISO**;  but  when  more  strongly 
heated,  they  assume  a  blackish  grey  colour,  and  between  200°  and  215  , 
melt  into  a  black  vitreous  mass,  which  dissolves  completely  in  warm 
alcohol,  and  then  no  longer  exhibits  the  reactions  of  ordinary  phosphoric 
acid.  The  salt  dissolves  sparingly  in  cold,  readily  in  hot  water  and 
alcohol,  but  appears  to  be  insoluble  in  ether.  (Svanberg  &  Bergstrand.) 

Cry9tal9.  Svanb.  &  Bern. 

C«WH»»0«,HO  277-0  ....  75-6 

2  HO  180  ....  4-9 

P0» 71«4  ....     19-5     20-7 


<^»^'«0}P0. „....  366-4 


.... 


100*0 


Pyrophotphate  of  FurfarvM.  —  An  alcoholic  solution  of  furfurine, 
neutralised  with  pyrophosphoric  acid  and  evaporated  in  the  drying 
chamber,  ultimately  yields  a  glassy  crystalline  crust,  which  dissolves 
readily  in  water  and  alcohol,  and  has  a  neutral  reaction.  Gives  off  1'5 
p.  c.  water  at  ordinary  temperatures,  and  2*14  p.  c.  more  at  100°.  Hence 
if  the  1  '5  p.  c.  be  regarded  as  hygroscopic,  the  salt  may  be  supposed  to 
contain  2  At.  water.  Between  115°  and  120^,  it  assumes  a  greyish 
aspect,  apparently  from  incipient  decomposition.  (Svanberg  &  Bierg* 
strand.) 

Anhydrout,  SYtnb.  &  Boryt . 

2  (C"«N«H»0«,HO) : 5540    ....    886 

PO*   71-4    ....     11-4    11-7 

(C«WH'H)»,HO)«,PO» 625-4     ....  100-0 

Hydrated.  Svmb.  &  Bergs. 

(C?»N«H'«0«,HO)«,PO» 625-4    ..«    97*19 

2  HO  180     ....       2-81     2-14 

XC»N»HaO«.HO)2,PO»  +  2Aq 643-4     ....  10000 

Metaphosphate  qf  Furfiirine  }  —  When  strongly  ignited  phosphate  of 
soda  and  ammonia  was  mssolved  in  water,  the  solution  precipitated  by 
chloride  of  barium,  and  the  washed  metaphosphate  of  baryta  digested  for 
24  hours  with  neutral  sulphate  of  furfurine,  a  filtrate  was  obtained  which 
had  a  neutral  reaction,  but  did  not  yield  any  crystallisable  compound. 
When  evaporated,  it  left  a  gummy  mass,  which  became  black  and  glassy 
when  heated.  (Svanberg  <&  Bergstrand.) 

Sulphate  qf  Furfurine  —  a.  Neutral  ~  Snlpliiiric  acid  saturated  with  fiirftirine 
deposits  when  evaporated,  either  by  heat  or  under  the  exsiccator,  a  black-brown  powder. 
When  hydrochlorate  of  forfurioe  is  decomposed  with  sulphate  of  silver,  crystals  are 
deposited  from  the  coloured  and  acid  mother-liquor;  but  they  contdn  only  0*3  p.  c. 
sulphuric  acid,  and  therefore  cannot  consist  of  sulphate  of  furfuriue. 

6.  Acid,  —  When  furfurine  is  dissolved  in  somewhat  dilute  sulphuric 
acid,  and  a  slight  excess  of  the  add  added  after  the  solution  has  been 
warmed,  short  four-sided  prisms  are  soon  deposited,  which  dissolve  readily 
in  water,  less  readily  in  alcohol  or  ether,  and  least  of  all  in  water  aoidu- 
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lated  with  sulphoric  acid.  The  Bolation  has  a  sonr  and  hitter  taste,  and 
18  oolonred  red  hj  strong  solphurio  acid.  The  salt  effloresces  readily  at 
ordinary  temperatares,  giving  off  all  its  water  of  crystallisation^  amonnt- 
ing  to  21-62  p.  c.  (7  At.)  Between  80''  and  90°,  it  loses  ^  of  its  weight, 
and  appears  to  decompose;  at  a  higher  temperature,  it  cakes  together, 
and  then  melts  into  a  hlack  mass,  which  no  longer  dissolves  completely  in 
water.  (Svanherg  &  Bergstrand.) 

DrUd  m  a  current  qfair.  S^IS^d! 

C«N«llW0«,H0 277    ....     75-68 

HO  9    ....       2-47 

2  S0» 80     ....     21-85     21*62 


(C«WH«0»,HO)  I  2SO»   366 


10000 


Crystals.  Svanb.  &  Bergstr. 

C»N'II»20»,2HO  286     ....     66*67 

2  SO* 80     ....     18-C5     18-64 

7  Aq 63     ....     14-68     14-31 

C»N-H»*0«,2HSO*  +  7Aq 429     ....  100  00  % 

HydrocJUoraU  of  Furfurine,  —  Dilute  hydrochloric  acid,  saturated 
with  the  hase,  yields  delicate,  silky,  neutraJ  needles  united  in  tuft«; 
they  retain  their  lustre'  when  dried  in  vacuo  over  oil  of  vitriol,  and 
dissolve  readily  in  water,  less  easily  in  hydrochloric  acid.  (Fowue^.) 

Crystals  dried  in  vacuo  over  oil  qf  vitriol.  Fovrnes. 

30  C   1800  ....  55-83  55*83 

2  N  280  ....  8-68  8-i5 

15  H  15-0  ....  4-66  4-67 

8  O  64-0  ....  19-85  20-41 

CI 35-4  ....  10-98  10-64 

C»N«H"0«,HCl  +  2Aq.  322-4    ....  10000    10000 

Perchlorate  of  Furfurine,  —  Furfarine  dissolved  in  warm  very  dilute 

f perchloric  acid,  yields  very  long,  thin,  hrittle  prisms,  having  afflassy 
ustre  and  a  disagreeahle,  saline,  hitter  taste;  they  effloresce  at  60  ,  melt 
at  150°  to  160,  solidifying  on  cooling  to  a  gmssy  hrittle  mass,  and 
explode  at  a  higher  temperatare.  They  dissolve  readily  in  water  and 
alcohol.  (Bodeker,  Ann.  Phai'm.  71,63.)  —  The  crystals  belong  to  the 
right  prismatic  system.  Right  rhombic  prisms,  having  the  angles  of  the 
lateral  edj^es  =  72°  33'  and  107°  27',  the  obtuse  lateral  edges  truncated, 
tbe  acute  bevelled;  cleavage  from  one  obtuse  lateral  edge  to  the  other. 
(Dauber,  Ann,  Pharm,  71,  67.) 

Crystals.  Bodeker. 

C"W»H»0«,HO 277-0    ....     71-69    72-26 

C107    91-4     ....     23-65     23-69 

2  HO 18-0     ....       4-66     4-05 

C»N2H«0»,HO,C107+2Aq 386-4     ....  100-00    lOO'OO 

J^Urate  of  Furfurine,  —  Transparent,  eolourless,  highly  Instrous, 
hard  crystals,  which  effloresce  in  vacuo  over  oil  of  vitriol,  and  dissolve 
readily  in  water,  slowly  in  nitric  acid.  (Fownes.)  ^-  %.  Crystallises  from 


Fownes. 

StenliouM. 

180     .. 

..     54-38     ... 

54-33 

....     54-45 

42     .. 

..     12-69 

J  O           ....                O    afO           .•• 

3-96 

....       4  16 

96     .. 

..     2900 

FURFURINE.  38 1 

the  aqueoDS  solutioii  in  long,  irregular,  acuminated  crystals,  but  from  the 
alcoholic  solution,  in  very  regularly  developed  rhombic  prisms,  of  con- 
siderable size  and  peculiar  lustre;  if,  however,  very  strong  alcohol  be 
used,  the  crystals,  which  are  at  first  perfectly  transparent,  soon  become 
opaque,  whereas  those  obtained  from  weak  alcohol  retain  their  lustre 
and  transparency.  (Stenhouse.)  %. 

Dried  in  vacuo, 

30  C 

3  N 

13  H 13 

12  O     

C»N«HJ20«,H0,N0» 331     ....  10000 

Stenhouse's  salt  was  crystallised  from  alcohol ;  Fownes's  had  effloresced. 

Hydrochlorate  of  furfurine  added  to  nqtieous  mercuric  chloride, 
throws  down  a  white  double  salt.  (Fownes.) 

It  also  forms  crystalline  double  salts  with  the  chlorides  of  gold,  paUo" 
dium,  and  iridium.  (Dobereiner,  J.  pr,  Cheni,  46,  169.) 

Platinum-salt.  —  Hydrochlorate  of  furfurine  forms  with  excess  of 
bichloride  of  platinum,  a  light  yellow  precipitate,  which,  when  heated 
after  drying,  blackens,  melts,  and  froths  up  strongly,  giving  off  ammo« 
nia,  and  leaving  a  difficultly  combustible  charcoal.  (Fownes.)  —  When 
bichloride  of  platinum  is  poured  into  a  hot  solution  of  hydrochlorate  of 
furfurine  in  weak  alcohol,  the  double  salt  separates  on  cooling,  in  long 
light  yellow  needles  resembling  picrate  of  potash.  (Stenhouse.) 

Fownes.         Stenhouse. 

30  C 1800  ....  37-96     38-06 

2N 28-0  ....       5-90 

13  H  13-0  ....       2-74     3-00 

6  0 48-0  ....  10-12 

Pt 990  ....  20-88     20-45    ....     20'70 

3  CI 106-2  ....  22-40 

C»N«H»0«.HCl,PtCP....   474-2     ....  100  00 

Acetate  of  Furfurine.  —  Uncrystallisable  or  very  difficult  to  crystal- 
lise; very  soluble  in  water.  (Fownes.) 

Oxalate  of  Furfurine.  —  a.  NeuJtral,  —  Bundles  of  needles,  very 
easily  soluble  in  water.  (Fownes.) 

6.  Acid.  —  Thin  transparent  tables,  which  retain  their  lustre  in  a  dry 
Tacnum,  redden  litmus  strongly,  and  dissolve  very  sparingly  in  cold, 
more  readily  in  warm  water.  (Fownes.) 

CrystaU,  Fownes. 

34  C  204  ....  56-98  57-01 

2  N 28  ....  7-82  7-74 

14  H 14  ....  3-91  4-06 

14  O 112  ....  31-29  .31-19 

C»H»H«0«,C*H«0»  358    ....  10000    10000 

IT.  Mellifate  of  Furfurine.  —  When  aqueous  mellitic  acid  is  neutralised 
with  furfurine,  this  salt  separates  after  a  while  in  nodular  groups  of 
crystals,  which  by  crystallisation  are  obtained  in  beautiful  prisms,  belong- 
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ing  to  tlie  moDoclinoedric  system.  The  salt  gives  off  5*7  p.  e.  water 
between  100^  and  125**,  and  begins  to  turn  yellow  at  130^  (Karmrodty 
Ann,  Fkarm.  81,  171.) 

Acid  Tartrate  of  Furfurine  crystallises  from  a  rather  acid  solution 
of  furfurine  in  tartaric  acid,  in  oblique  four-sided  prisms,  which  are 
permanent  in  the  air,  and  do  not  gire  off  water  at  150°.  They  give  off 
ammonia  when  heated  with  potash.  Ammonia  added  to  their  solution 
does  not  precipitate  furfurine.  (Svanberg  &  Bergstrand.)  T. 

Furfurine  diseolyes  readily  in  cold  alcohol  or  ether,  and  crystallises 
when  the  solvent  is  evaporated.  (Fowues.) 


If.    Pucusiiie.    C»N«H*H)*. 

Strnhousb.     Ann,  Fkarm,  74,  289. 

Formatum  and  Preparation,  When  pure  focnsamide  (p.  376)  is 
boiled  for  20  minutes,  with  moderately  concentrated  potash  or  soda-ley, 
it  melts,  and  is  converted,  without  evolution  of  ammonia^  into  a  slightly 
brown  oil,  which  solidifies  on  cooling  in  the  form  of  a  yellowish  resin. 
This  substance  contains  fucusine,  but  does  not  yield  that  base  in  the 
crystalline  form,  even  by  solution  in  alcohol  or  ether.  The  best  mode  of 
obtaining  the  fucusiue  from  it,  is  to  digest  the  mass  at  a  temperatare  a 
little  above  its  melting  point,  with  nitric  acid;  cool  the  liquid  till  the 
resin  solidifies;  decant  the  solution,  and  leave  it  to  itself  till  the  nitrate 
of  fucusine  crystallises  out;  purify  this  salt  by  recryfrtallisation  from 
water;  and  decompose  its  pure  aqueous  solution  with  a  slight  excess  of 
ammonia.  The  fucu&ine  then  slowly  separates  in  small  lamine  united  in 
stellate  groups.  This  form  of  crystallisation  distinguishes  fucusine  from 
furfurine. 


30  C  

2  N 

180 

28 

....     67-17    ... 
....     10-45     ... 

4'47 
....     17-91     ... 

Stenhouse. 

67-30 

10-30 

12  H 

12 

4-58 

6  0  

48 

17-82 

C»N2H»208   

2t)8 

....  10000    ... 

10000 

Therefore  isomeric  with  furfurine. 

Hydroehloraie  of  Fucusine.  Very"  soluble;  separates  from  highly 
concentrated  solutions  in  short  flexible  needles. 

Niiraie  of  Fucusine,  — Preparation  (vid,  tup,).  Crystallises  from  the  hot 
aqueous  solution  in  long  prismatic  needles  nnited  in  stellate  groups. 
"When  crystallised  from  alcohol,  however,  it  forms  large  rhombic  prisms 
of  great  regularity  and  peculiar  lustre.  (For  details  of  the  crystalline  forms  of 
the  nitrates  of  fucusine  and  furfurine,  as  determined  by  Miller,  yid,AnH,Pktttm,  74, 293.) 

—  The  crystals  obtained  from  strong  alcohol  become  opaque  after  a 
while,  but  those  which  separate  from  a  weak  alcoholic  solution  retain 
their  transparency.  The  salt  when  heated  to  lOO''  quickly  beoomea 
coloured^  and  decomposes* 


PTROMUCIC  ACID.  383 


Dried  m  vacuo. 
30  C  

.  180 
.     42 
.     13 
.     96 

....     54-38     . 
....     12-69 

....         «}  SfO      . 

....     2900 

Stenlioiiie. 
54*30 

3  N 

13  H 

4-26 

12  O 

C»N'H»20«,H0,N0»    

..  231 

....  100-00 

PhUinum-iaU,  — When  biobloride  of  plat! nam    is   added  to  a  cold 

aqaeous  solution  of  lijdrochlorate  of  fucasine,  the  doable  salt  separates 

in  the  form  of  a  yellow  crystalline  precipitate;  but  if  the  solutions  are 

mixed  hot,  and  especially  if  a  little  alcohol  is  added,  broad  fonr-sided 

prisms  are  obtained,  having  two  wide  and  two  narrow  faces,  and  differing 

altogether  from  the  long  needle-shaped  crystals  of  the  corresponding 

furfurine-salt  (p.  381). 

Dried  in  vacuo.  Stenhonse. 

30  C  1800  .,.,  37-96  . 3784 

2  N  28  0  ....  5-90  6-18 

13  H  13-0  ....  2-74  3-21 

6  0  480     ....     1012     9-70 

Pt  99-0     ....     20-88     20-67 

3  CI  106-2     ....     22-40     22*40 

C»N«H»20«,HCl,PtCl»  474-2     ....  10000    10000 

Oxalate  of  Fucunne,  —  a.  NeuXral.  —  Resembles  the  following  salt  in 
external  appearance,  but  is  much  more  soluble. 

5.  Acid,  —  When  crude  fucusine  (p.  382)  is  digested  with  excess  of 
oxalic  acid,  and  the  solution  filtered  hot,  the  acid  oxalate  is  deposited  in 
small  needle-shaped  crystals,  which  are  generally  coloured  at  first,  but 
by  repeated  crystallisation  and  the  use  of  animal  charcoal,  may  be 
obtained  in  colourless  silky  needles.  Not  very  soluble  in  cold  M*ater, 
but  dissolves  readily  in  boiling  water  and  in  alcohol.  The  solutions 
have  a  distinct  acid  reaction.  (Stenhouse.) 


Dried  in  vacuo, 

34  C  204 

2  N 28 

....    56-98 
....       7-82 
....      3-91 
....     31-29 

Stenhouse. 

57-08 

7-82 

14  H 14 

4-22 

14  O 112 

30-88 

C»N»H»0«,C*H«0» 358 

....  100  00 

10000 

Pyromucic  Acid. 

C"H*0«  =  C"H*0»,0*. 

HouTON  LabillabiIjie.    Ann.  Chim.  Fhys.  9, 365;  also  J^.  Tr,  3, 2,  384. 
Bol7S8iMOAULT.     Ann.  Chim.  Fkys.  58,  106;  also  Fogg,  36^  78;  also 
Ann.  Pharm.  15,  184. 

Brenztehleinu'dure,  hrenzliche  Schleinuaure,  Adidepyromucique.  —  Fiwt  obtenred 
by  Scbeele  {Opuee.  2,  114) ;  pronounced  by  Troinmsdorff  {A.  TV.  17,  1,  59)  to  be  a 
mixture  of  succiiiic  and  pyrotartaric  acid ;  recognised  as  a  peculiar  acid  by  Houton 
Labillardi^re. 
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Freparafifm,     Mncid  acid  is  sabjected  to  diy  distillation;  the  resnlt- 
ing  sublimate  and  distillate  mixed   with  a  fourfold  quantity  of  water; 
the  liquid  filtered  from  the  oil  thereby  separated;  the  filtrate  evaporated 
—  whereupon  acetic  acid  is  likewise  given  oflf — and  cooled  till  it  crystal- 
lises; the  decanted  mother-liquor  repeatedly  evaporated  to  the  crystal- 
Using  point;  and  the  entire  crop  of  still  yellowish  crystals  purified  by 
several  crystallisations  from  water,,  and  subsequent  distillation  at  130'^, 
after  which  the  acid  still  exhibits  a  yellow  tint,  but  may  be  obtained 
perfectly  white  by  recrystallisation  from  water.  (Houton.)     100  pta.  of 
mncic  acid  thus  treated  yield   from  5  to  7  pts.   of  pyromncic  acid. 
(Houton.) — T.  According  to  Arppe  {Ann.  Fharm.  87,  238),  the  acid 
is  most  conveniently  obtained  by  evaporating  the  tarry  liquid  obtained 
by  the  distillation  of  mucic  acid  to  dryness  over  the  water-bath,  and 
subliming  the  residue  in  a  porcelain  basm  covered  with  a  paper  cone,  as 
in  the  orainary  mode  of  snbliming  benzoic  acid.     In  the  CQurse  of  a  few 
hours,  the  pyromucic  acid  condenses  in  the  cone  in  the  form  of  elongated 
crystalline  laminie  of  dazzling  whiteness.  %, 

Propertin.  Crystallised  from  water:  Long  white  laminsB  (Houton); 
with  a  pearly  lustre  (Boussingault) ; — sublimed:  long  needles;  or,  if  it 
first  passes  over  as  an  oil  and  then  crystallises  on  further  cooling:  white 
crystalline  mass  (Houton),  exhibiting  the  granular  fracture  of  loaf-sugar. 
(Boussinganlt.)  The  acid  melts  to  an  oil  at  130^  and  volatilises  at  a 
somewhat  stronger  heat  (above  135^,  according  to  fionssingault),  in 
white  fumes  having  a  pungent  odour.  (Houton.)  It  is  inodorous,  tastes 
very  sour,  and  reddens  litmus  strongly.  (Houton.) 

Houton.  Boosnogault.  MaUgnti. 

a.  a.                Tt.  e. 

10  C  60     ....     53'57     5212     ....  54-0     ....     541  ....     54-10 

4H 4     ....       3-57     211     ....  39     ....       3  8  ....       3*88 

6  O 48     ....     42-86     45'77     ....  42*1     ....     42*1  ....     42-02 

CMH^O* 112     ....  10000     10000     ....  1000     ....  100*0    ....  10000 

a  waf  crystallised  from  water,  and  h  sublimed ;  the  acid  c  analysed  by  Mala^ti 
(Ann,  Chim,  Phyt.  60,  200)  was  obtained  by  dry  distillation  of  paramudc  acid^  and 
sublimed* 

Decompositions,  The  acid  burns  with  flame.  (Scheele.)  —  It  is  not 
decomposed  by  being  three  times  evaporated  in  contact  with  nitric-acid. 
(Houton.)  —  2.  The  potash-salt  dissolved  in  water  and  gradually  mixed 
with  bromine,  is  violently  attacked,  with  separation  of  a  heavy  red  oil, 
and  emission  of  a  penetrating  odour,  like  that  produced  under  similar 
circumstances  by  citraconate  of  potash.  (Cahours,  N.  Ann.  Chim,  Fhytu 
19,  506;  also  J.  pr,  Chem.  41,  78.^  —  3.  The  acid  reduces  oxide  of  silver 
to  a  black  powder,  with  evolution  of  gas.  (Stenhouse,  J.  pr,  Chea^ 
32,  262.) 

ConUnnatioM.  With  Water. »-  The  acid  does  not  become  moist  on 
exposure  to  the  air;  it  dissolves  in  28  pts.  of  water  at  1 5"*  (Houton);  in 
4  pts.  of  boiling  water,  whence  it  crystallises  on  cooling.  (Trommsdorf.) 

The  FyromueaUs  =  C*<»H»MO«. 

FyromucaiUi  of  Ammonia.  —  The  neutral  compoand  gives  off  part  of 
its  ammonia  when  evaporated,  and  crystallises  readily.  (Houton.) 
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FynmueaU  of  Potash.  —  Crystallises  with  difficulty;  solidifies  in  the 
granular  form  from  a  concentrated  aqueous  solution  on  cooling;  becomes 
moist  in  the  air;  dissolves  readily  in  water  and  alcohol. 

PyroTivucate  of  Soda.  —  Crystallises  with  difficulty;  becomes  slightly 
moist  on  exposure  to  the  air;  less  soluble  in  alcohol  than  the  potash-salt. 
(Houton.) 

Pyromucates  of  Baryta^  Strontia^  and  LirM.  —  Small  crystals,  which 
are  permanent  in  the  air,  dissolve  somewhat  more  readily  in  hot  than  in 
cold  water,  but  are  insoluble  in  alcohol.  (Houton.) 

Dry.  Houton. 

BaO 76-6     ....     42-65     42'2 

C«>H«0» 1030    ....     57-35    

CM'H'BaO*    179-6     ...  10000 

The  alkaline  pyromucatea  do  not  precipitate  the  aalts  of  magnesia,  alumina, 
manganese  or  cobalt  (Houton).  According  to  Trommsdorff^  they  form  a  white  preci- 
pitate with  nitrate  of  baryta^  cryttalUne  after  awhile  with  acetate  of  Um9,  white  with 
manganouB  sulphate,  and  peach-blossom-coloured  with  cobaltous  sulphate. 

Pyromuoate  of  Zinc,  —  The  solution  of  zinc  in  warm  pyromucic  acid, 
the  formation  of  which  is  attended  with  evolution  of  hydrogen,  solidifies 
in  a  mass  when  evaporated.  (Houton.) 

PyromucaU  of  Tin.  —  Nitrate  of  tin  yields  a  white  precipitate  with 
pyromuoate  of  potash.  (Houton.) 

Pyromucate  of  Lead.  —  The  free  acid  and  its  compounds  with  alkalis 

Srecipitate  basic  but  not  neutral  acetate  of  lead  (according  to  Tromms- 
orff,  the  soda-salt  precipitates  nitrate  of  lead).  The  hot  aqueous  acid 
forms  with  carbonate  of  lead  a  neutral  solutiou,  on  the  surface  of  which 
brown,  transparent,  oily  drops  form  durine:  evaporation,  till  the  entire 
solution  is  converted  into  this  oily  mass,  which  consists  of  undecomposed 
pyromucate  of  lead,  and  on  cooling  first  becomes  viscid  like  pitch,  then 
white,  opaque,  and  hard.  (Houton.) 

Ferrous  Pyromueate,  -^  Iron  dissolves  in  pyromncic  acid  with  evolu- 
tion of  hydrogen,  forming  an  easily  soluble  salt.  (Houton.) 

Ferric  Pyromucate.  —  Alkaline  pyromucates  form  with  ferric  salts  a 
lemon-yellow  precipitate  (Houton);  dingy  brown-red  (Trommsdorff); 
greenish  black,  loose  granules  (John,  Mag.  Fharm.  9,  292). 

Pyromucate  of  Nickel.  —  The  soda-salt  forms  an  apple-green  preci- 
pitate with  nitrate  of  nickel .  (Trommsdorff.) 

Cupric  Pyromucate.  —  Small  greenish  blue  crystals  sparingly  soluble 
in  water.  (Houton.) 

Mercurous  Pyromucate.  —  The  alkaline  pyrompcates  form  a  white 
precipitate  with  mercurous  nitrate.  (Houton.) 

Pyromucate  of  Silver.  —  The  solution  of  silver-oxide  in  the  aqueous 
acid  turns  brown  when  evaporated,  and  yields  white  scales  of  the  salt. 
(Houton.)  An  aqueous  mixture  of  the  lirae-salt  with  neutral  nitrate  of 
silver,  deposits  the  salt  after  a  few  days;  it  must  then  be  pressed  between 
paper.  (Boussingault.) 

VOL.  X.  2  G  - 
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Ihied  ai  1^5^  Bo«saiiigaiiIt« 

IOC 60  ....  27-40  29-91 

3  H 3  ....  1-37  1-58 

Ag  108  ....  49-31  4905 

6  0 48  ....  21-92  19-46 


C»H'AgO«  219     ...  100-00    10000 

Pyromuoio  acid  dissolyee  in   alooliol   more  readily  than  in  water. 
(HoutoD.) 


Cmjugated  Compound  of  Pyromucic  Acid, 

Pyromucate  of  Ethyl 

C"H«0«  =  C*H»0,C»»HH)». 

Malaouti   (1887).    y.  Ann.  Chim.  Phy$,  64,  279;  also  Ann.  Fham, 
25,  276;  also  J.  pr.  Chem.  11,  227. 

Pyromucie  ether,  Bretnzehleinuaurew  Aethyloxyd^  Ether pyromucique. 

Preparation,  A  mixture  of  1  pt.  hydrochlorio  acid,  2  pte.  pyromncie 
acid  and  4  pts.  alcohol  of  sp.  gr.  0*814,  is  distilled  four  or  five  times, 
heing  each  time  cobobated  to  one-half,  and  the  last  time  till  the  distillate 
begins  to  pass  over  eolonred;  the  distillate  then  mixed  with  water, 
which  throws  down  an  oil,  solidifiying  in  a  few  minntes  in  lamins;  and 
these  laminfB  washed  on  the  filter  with  cold  water,  pressed  between  p^r, 
and  distilled  several  times,  removing  each  time  the  moisture  which  col- 
lects in  the  neck  of  the  retort  at  the  beginning  of  the  distillation^  till  the 
whole  distils  without  leaving  any  residue  in  the  retort. 

Properties.  Transparent,  colourless,  4-,  6-,  and  S-sided  lamiuaB, 
derived  from  a  rhombic  prism;  of  sp.  gr.  1-297  at  20";  unctuous  to  the 
touch.  The  ether  melts  at  34°,  boils  between  208°  and  210°,  under  a 
pressure  of  0*756  met.  and  volatilizes  undecomposed  and  without  residue. 
Vapour  density  =  4*859.  Has  a  powerful  odour  resembling  that  of 
benzoate  of  methyl  and  also  that  of  naphthalin;  tastes  oooling  at  first, 
then  transiently  bitter  and  pungent,  afterwards  agreeably  like  anise  and 
camphor.     Neutral  to  vegetable  colours. 

Malagnti. 

14  C  84     ....     60-00     ....    60-26 

8  H 8     ....       6-71     ....       5-86 

6  O  48     ....     34-29     ....     33*88 

C>*H»0* 140     ....  10000     ....  100-00 

Vol.  Density. 

C-vapour  U  ....     5*8240 

H-gM    .« 8  ....     0  5546 

O  gas 3  ....     3-3279 


• 


Ether-vapoor 2    ....    9.7065 

1     ....     4-8532 

Decompositions,  The  ether  is  not  set  on  fire  by  the  flame  of  a  candle. 
—  1.  In  a  stream  of  dry  chlorine  gas,  the  dry  ether  melts,  with  great 
rise  of  temperature,  turns  yellow,  and  is  converted  into  chloropyromndo 


1 


CHLOROPTRQIfUCATB  OF  ETUTL.  387 

ether  of  more  than  double  the  original  weight.  No  hydrochloric  acid  is 
eyolved^  unless  moisture  is  present.  —  2.  In  cold  nitric  acid,  the  ether 
first  liquefies  and  then  dissolves  with  decomposition.  —  3.  Its  solution  in 
cold  oil  of  yitriol  or  hydrochloric  acid  decomposes  when  heated.  —  4.  The 
ether  is  decomposed  by  aqueous  potash  or  soda^  like  other  compound 
ethers  of  the  third  class.  Baryta,  struntia,  or  lime-water  forms  with  the 
alcoholic  solution,  a  precipitate  which  dissolves  in  a  small  quantity  of 
water.  —  5.  After  keeping  for  .some  time,  the  ether  becomes  slightly 
coloured,  and  then  leaves  a  residue  when  distilled. 

ComhincUions,  Pyromucic  ether  dissolves  very  sparingly  in  fcater^ 
easily  and  without  decomposition  in  cold  oU  of  vitriol  or  hydrochtcrie 
acidf  and  in  all  proportions  in  alcohol  and  common  ether.  (Malaguti.) 

Appendix, 

Chloropyromucate  of  Ethyl. 

C»H31*HW  =  C*H»0,C»°C1*H»0«. 

Malaouti  (1887).  Ann.  Chim.  Phys.  64,  282;  also  Ann.  Fharm. 
25,  279;  also  7^.  pr.  Chem.  11,  229.  — Ann.  Chim.  Fhys.  70,  371; 
also  Ann.  Fharm,  32,  41 ;  also  J.  pr.  Chem.  1 8,  53. 

Chloropyromueie  ether,  CMor^bremeckleinwinetter,  Ether  ehloropyromucique. 

Preparation.  Chlorine  gas  is  passed  at  ordinary  temperatures  over 
dry  pyromucic  ether,  as  long  as  heat  is  evolved,  and  the  resulting  liquid 
freed  from  the  excess  of  chlorine,  which  colours  it  yellow,  by  a  current 
of  dry  air,  and  preserved  in  vacuo,  or  in  well-olosed  bottles  completely 
filled  with  it. 

Properties.  Transparent,  colourless  symp,  of  sp.  sr.  1*496  at  19^ 
Not  volatile  without  decomposition.  Hu  a  strong  and  agreeable  odour, 
like  that  of  calycanthus;  excites  slowly  a  persistent^  strongly  bitter  taste; 
neutraL 


14  C    

840 

....     29-83     .. 
....     50*28     .. 

....              ^*OV 

....     1705     .. 

Malagvti. 
30-11 

4  CI 

141-6 

49-83 

8  H   , 

8-0 

2-77 

6  0   

48-0 

17-29 

CiocimsQ* 

281-6 

....  10000     .. 

100-00 

The  add  which  may  be  supposed  to  exist  in  this  ether,  but  which  has  not  been 
obtained  in  the  separate,  tiz.,  chloropyromncic  acid,  would  be  C>«C1*H*0*.  [Conse- 
quently a  valerianic  acid  in  whose  nacleus  part  of  the  H  is  replaced  by  CI  and  O, 
»C^°CHI1H>^,0^.  —  Or  might  it  be  a  hydrochlorata  of  chloropyromudc  ether 
«Ci«CPHH)>,2HCl?]     Other  views  are  given  by  Berzelius  (/.  jpr.  Chem.  14.  356.)  ^ 

■ 

Deeompoaitions.  The  ether  when  heated  evolves  a  large  quantity  of 
hydroehlorio  acid,  yields  but  little  distillate,  and  thickens  with  deposi- 
iioo  of  charcoal.  —  2.  It  is  not  affected  by  chlorine  gas  at  ordinary'  tem- 
peratures, but  when  heated  with  it,  gives  off  hydrochloric  acid  and 
other  products,  while  the  residue  becomes  continually  poorer  in  chlorine. 
•**  3.  When  exposed  to  moist  air  (or  when  water  is  added  to  it),  it  be- 
comes milky,  with  formation  of  hydrochloric  acid,  but  recovers  its  trans- 

2  0  3 
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{>areiiC7  in  a  dry  yacnam.  —  4.  The  ether  mixed  with  hot  strong  potasK- 
ej  becomes  coloured^  and  forms  a  white  coagulated  mass,  which,  when 
mixed  with  water  and  boiled,  gives  off  alcohol  and  disappears,  with 
formation  of  a  dark-red  liquid.  From  this  liquid,  snlphuric  acid,  after  a 
considerable  time,  throws  down  yellowish  trains,  together  with  a  black 
substance,  soluble  in  potash,  but  nearly  soluble  in  alcohol;  but  neither 
pyromncic  nor  pyroracemic  acid  can  be  afterwards  detected  in  the  liquid. 
—  5.  When  dry  ammoniacal  gas  is  passed  through  the  alcoholic  solution 
of  the  ether,  the  liquid  becomes  heated,  sal-ammoniac  is  formed,  t<^ther 
with  a  small  quantity  of  hydrocyanate  of  ammonia  and  a  large  quantity 
of  charcoal,  but  no  gas  is  evolved. 

ComUnatioru.    Chloropyromucic  ether  dissolves  readily  in  alcohol  and 
common  ether.  (Malaguti.) 


h,     Oxygen-nucleui,     C"H*0*. 

Croconic  Acid* 

C'^HK)"  =  C"H>0*,0«. 

L.  Gmelin  (1825).     Pogg,  Ann,  4,  37.  —  Ann,  Pharm.  37,  58. 
Ltebio,  Pogg,  33,  90 j  also  Ann,  Pharm,  11,  182. 
Heller,  «/.  pr,  Chem,  12,  230;  and  in  the  memoirs  cited  in  connection 
with  Rhodizonic  acid  (p.  398). 

Krokwu'dure,  Acide  erocanigve. 

Formation,  When  carboxide  of  potassium  is  dissolved. in  water,  the 
chief  product  formed  is  rhodizonate  of  potash,  which,  by  exposure  to  the 
•air  and  evaporation,  is  converted  into  croconate  of  potash,  and  possibly 
also  into  oxalate,  the  reddish  yellow  colour  of  the  solution  changing  at  the 
same  time  to  pale  yellow. 

1.  Preparation  of  Neutral  Croconate  of  Potcuh, — Garboxide  of 
potassium  more  or  less  pure,  as  it  is  deposited,  in  the  preparation  of 
potassium  by  Brunner  &  Wohler's  method  (iii.  5,  6.),  partly  in  the 
copper  receiver,  partly  in  the  tubes  and  bottles  therewith  connected,  is 
dissolved  in  water,  carefully,  however,  because  an  explosion  may  take 
place;  the  liquid  filtered;  the  carbonaceous  mass  washed  with  warm 
water  as  long  as  the  water  acquires  a  reddish  yellow  colour,  and  rhodi- 
zonate of  potash  appears  mixed  with  the  charcoal,  in  the  form  of  a  red 
powder;  and  the  filtrate  evaporated  over  the  water-bath,  till  it  yields  on 
cooling  yellow  needles  of  croconate  of  potash,  which  are  collected  on  a 
filter.  —  The  brown  mother-liquor,  evaporated  and  cooled  as  often  as 
yellow  needles  are  produced  from  itr  becomes  at  length  thick  and  dark 
brown,  and  yields  by  further  evaporation  crystals  of  oxalate  and  bicar- 
bonate of  potash;  and  the  still  darker  mother-liquor  obtained  therefrom, 
yields,  when  supersaturated  with  dilute  sulphuric  acid,  a  copious,  dark 
brown,  flocculent  precipitate,  of  a  substance  resembling  hnmic  acid,  hot 
dissolving  with  tolerable  facility  in  hot  water.  The  liquid  containing 
sulphuric  acid,  filtered  from  this  precipitate,  yields  by  distillation,  smaU 
quantities  of  hydrocyanic,  formic,  and  acetic  acids  (vii,  41).  — ^^  The  yeiloir 
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needles  obtaiDed  as  above  are  purified  by  pressure  between  paper,  and 
repeated  crystallisation  from  hot  water  (Gm.),  this  treatment  being  con- 
tinued till  the  pulverised  salt  no  longer  imparts  a  brownish  yellow  colour 
to  strong  alcohol.  (Heller.) 

2.  JPr^araHon  of  Croconic  ddd,  —  Pulverised  croconate  of  potash  is 
digested  and  boiled  for  several  hours^  and  with  frequent  agitation^  with 
absolute  alcohol,  (or  with  spirit  of  85  p.  c.  at  last  with  addition  of  absolute 
alcohol,)  and  a  very  small  Quantity  of  oil  of  vitriol,  till  the  turbidity, 
which  a  filtered  sample  produces  with  dilute  chloride  of  barium,  disap- 
pears completely  on  heating  with  dilute  hydrochloric  acid,  after  which 
the  filtrate  is  evaporated.  (Gm.) 

[The  acid  obtained  by  boiling  finely  pounded  acid  croconate  of  pot- 
ash with  85  p.  c.  spirit,  is  not  auite  free  from  potash.] 

The  acid  cannot  be  obtained  from  croconate  of  lead  by  the  action  of 
dilute  sulphuric  acid,  the  decomposition  thereby  obtained  being  very  far 
from  complete.  —  When  crocpnate  of  lead  diffused  in  water  is  decom- 
posed by  sulphuretted  hydrogen, — a  reaction  which  takes  place  very 
slowly, — a  brownish  yellow  filtrate  is  obtained  containing  sulphur.  This 
filtrate  assumes  a  deeper  brown  colour  when  exposed  to  the  air  or  evapo- 
rated; continues  to  deposit  sulphur  even  after  all  the  sulphuretted  hydro- 
gen has  evaporated;  and  ultimately  dries  up  in  the  air  to  a  brown  extract 
containing  combined  sulphur,  and  yielding  only  a  very  few  needles. 
The  extract  redissolves  completely  in  water.  The  dark  brown,  litmus- 
reddening  solution,  forms  with  potash  a  similarly  coloured  mixture, 
which,  when  evaporated,  yields  needles  of  croconate  of  potash,  and  a 
dark  brown  mother-liquor.  The  above-mentioned  solution  precipitates 
baryta  and  lime-water  in  dark  brown  fiakes,  which  dissolve  in  hydro- 
chloric acid;  from  protochloride  of  tin,  neutral  acetate  of  lead,  mercurous 
nitrate,  and  silver  nitrate,  it  likewise  throws  down  dark  brown  flakes; 
but  from  alum,  corrosive  sublimate  and  terchloride  of  gold,  fiakes  of  a 
lighter  brown  colour.  —  Croconate  of  copper  yields  similar  results  when 
treated  with  sulphuretted  hydrogen.  (Gm.) 

Properties,  When  the  aqueous  solution  is  abandoned  to  spontaneous 
evaporation,  the  acid  remains  in  transparent,  orange-yellow  (sometimes 
brown)  prisms  and  granules,  which  undergo  no  alteration  at  100°.  When 
the  solution  is  evaporated  over  the  water-bath,  the  acid  remains  in  the 
form  of  a  lemon-yellow  opaque  film.  It  is  inodorous,  tastes  very  acid 
and  rough,  and  reddens  litmus  strongly.  (Gm.) 

Calculation  aecording^  to  the  analyeU  qf  croconate  qf  potash, 

10  C    60     ....     42-25 

2  H    2     ....       1-41 

10  O    80     ....     56-34 

CiOHSQW 142     ....  100-00 

DeeomposiiiUm.  The  acid,  when  heated,  gives  off  first  white,  and 
then  yellow  fumes,  which  smell  like  bitumen  and  excite  coughing,  and 
leaves  a  small  quantity  of  charcoal,  which  bums  away  easily  and  com- 
pletely (without  leaving  potash).  (Gm.) 

C<mlnnati<m8.  In  Water,  the  acid  dissolves  readily,  forming  a  lemon- 
yellow  liquid  which  becomes  decolorised  by  time.  (Gm.) 
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The  CroeonaUs  are  all  coloured,  generally  lemon-yellow  or  orange- 
yellow;  some  of  the  crystallised  crooonates  of  the  heavy  metald  tiunsmii 
light  of  a  brownish  yellow  colour,  hot  reflect  it  from  their  crystalline 
faces  with  a  yiolet-blae  colour.  They  decompose  below  a  red  heat,  with 
glowing  and  sparkling,  yielding  caroonic  acid  and  carbonic  oxide  gaeee, 
and  a  mixture  of  charcoal  and  metallic  carbonate  or  oxide,  or  of  charcoal 
and  metal.  They  withstand  the  action  of  air  and  light,  even  their 
aqueous  solutions  not  beinff  altered  by  exposnre  to  the  air.  The  cro- 
conates  of  the  soluble  alkalis  in  particular,  are  soluble  in  water;  but  all 
croconates  dissolve  in  nitric  acid,  with  decomposition  of  the  croconie 
acid.  (6m.)  Some  of  the  croconates  of  the  heavy  metals  likewiee 
dissolve  in  alcohol  and  ether.  (Heller.) 

OrocorvaJU  of  Ammonia. --Obtained  by  spontaneous  evaporation  of 
the  alcoholic  solution  of  the  acid  satnrated  with  ammonia.  —  Deep 
reddish  yellow,  transparent  tables^  solable  in  water  and  alcohol.  (HeUer.) 

CrocoMle  of  Potash.  —  a.  Neutral,  —  Preparation,  (p.  388).  The  salt 
dehydrated  at  100°  is  lemon-yellow  and  opaque.  The  nydrated  crystals 
are  six-  or  eight-sided  needles  of  an  orange-yellow  colour,  strongly  lustron^ 
and  translucent.  The  author  sometimes  obtained  in  the  six-sided  needles, 
two  angles  of  the  lateral  edges  =  106^  and  four  =  127^;  sometimes  two 
of  the  angles  were  =  144°,  and  four  =  109°.  All  however  mere  rough 
approximations.  Heller  obtained  rhombic  prisms  with  lateral  edges  of 
126°  and  54°.  —  The  crystals  taste  somewhat  like  nitre,  are  inodorous 
and  neutral.  They  give  off  their  water  at  a  temperature  considerably 
below  100°;  and  the  lemon-yellow  residue,  when  moistened  with  a  little 
water,  immediately  recovers  Its  orange-yellow  tint,  but  is  again  turned 
lemon-yellow  by  oil  of  vitriol,  which  abstracts  the  water;  the  crystals 
are  likewise  dehydrated  by  strong  alcohol. 

Dntd  at  100^  Gm.  liebif . 

10  C  60-0     ....  27'47  28«09  ....  27-41 

2K 78-4    ....  35  90  36'06  ....  3572 

10  0 80-0    ....  36'63  35-85  ....  36'87 


C»KW«    218-4    ....  lOO'OO    lOO'OO    ....  lOQ-OO 

Cryttah.  Gm. 

IOC    60-0  ....  23-58  23-80 

2K   , 78-4  ....  30-8a  30-55 

10  O  ,  800  ....  31-45  30-37 

4  HO    S60  ....  14-15  15-28 

CMKK)«>  +  4Aq „.  254'4    ....  100-00    100-00 

The  anthor  fonnerly  betiered,  on  theoretical  grounds,  that  the  aalt  dried  at  100^ 
mutt  contain  1  H  more,  although  experiment  faidicated  the  contrary ;  bat  be  retracted 
this  Tiew  as  eariy  as  1826,  in  accordance  with  farther  inTcstigations  (8ekw,  \1,  262 ; 
Mag,  Pharm,  15,  141;  Pogg,  7,  525.) 

The  crystals  when  heated  give  off  water  and  turn  lemon<^yellow;  at 
a  stronger  heat,  they  again  assume  their  orange^yellow  colour  without 
change  of  form;  and  at  a  temperature  below  redness,  even  out  of  contaet 
of  air,  suddenly  exhibit  a  glimmering  light  extending  through  the  entire 
mass,  rapidlv  giving  off  at  the  same  time  about  2  vol.  oarbonie  acid  gas 
to  1  vol.  carbonic  oxide,  and  leaving  66*90  p.  c.  of  a  mixture  of  53*8 1  p.  c 
carbonate  of  petash  and  1 809  charcoal. -* The  salt  dissolves  without 
effervescence  in  hot  oil  of  vitriol,  forming  a  yellow  li<|aid|  which  oa 
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cooling  yields  large,  pale  yellow  transparent  crystals,  and  at  a  higher 
temperatare  gives  off  sulphurous  acid,  becomes  olack-brown,  swells  up 
strongly,  and  finally,  at  a  heat  near  redness,  becomes  decolorised  and  is 
converted  into  sulphate  of  potash.  — Nitric  acid  instantly  decolorises  the 
aqueous  solution  of  croconate  of  potash,  with  slight  evolution  of  nitric 
oxide;  it  dissolves  the  crystallised  salt,  with  brisk  evolution  of  nitric 
oxide,  but  without  separation   of  carbonic  acid,   forming  a  colourless 
liquid,  which  when   evaporated  yields   neither   nitrate   nor  oxalate  of 
potash,  but  a  yellowish  white,  indistinctly  crystalline,  saline  mass,  which 
at  a  stronger  heat  turns  brown  and  detonates  with  moderate  force.     The 
colourless   aqueous  solution   of  this  mass  acquires   when   mixed   with 
potash,  a  yellow  colour  disappearing  on  exposure  to  the  air;  precipitates 
an  abnndance  of  pale  yellow  flakes  from  baryta-water,  lime-water,  and 
neutral  acetate  of  lead;  and  produces  a  rather  strong  white  turbidity  in 
a  solution  of  mercurous  nitrate,  weaker  in  nitrate  of  silver.  —  Chlorine 
immediately  decolorises  the  aqaeous  solution   of  the  salt,  which   then 
precipitates  barjrta-water  and   neutral  acetate  of  lead  in  pale  yellow 
flakes,  and  leaves  a  pale  yellow  mass  when  evaporated.     (This  mass  is 
very  acid,  and  its  aqueous  solution  heated  with  mercuric  oxide  reduces 
the  mercury  to  the  metallic  state.)     On  the  other  hand,  chlorine  gas 
exerts  no  action  on  the  heated  crystallised  salt.  —  From  terchloride  of 
gold,  croconate  of  potash  slowly  precipitates  metallic  gold,  especially 
w^ith  the  aid  of  heat;  from  corrosive  sublimate,  it  throws  down,  after 
some  time,  a  white  powder,  probably  consisting  of  calomel 

Croconate  of  potash  dissolves  in  moderate  quantity  and  with  pale 
yellow  colour  in  cold  water,  and  in  much  larger  quantity  in  hot  water, 
80  that  the  solution  solidifies  on  cooling.  If  the  quantity  of  boiling 
water  is  not  sufficient  to  dissolve  the  v^ole  quantity,  the  undissolved 
portion  becomes  lemon-yellow  from  loss  of  water.  The  cold  aqueous 
solution  mixed  with  potash-ley  deposits  needles  of  the  salt;  it  dissolves 
iodine  without  farther  alteration.  Aqneous  alcohol  dissoiyes  a  very 
small  quantity  of  the  salt;  absolute  alcohol  none.  (Gm.) 

h.  Acid.  —  When  10  pts.  oil  of  vitriol  are  added  to  the  pale  yellow 
solution  of  26  pts.  of  the  neutral  salt  in  the  smallest  possible  quantity 
of  boiling  water,  the  liquid  acquires  a  deep  brownish  yellow  colour,  and 
deposits  immediately,  or  as  it  cools,  crystals  whieh  nearly  convert  the 
mixture  into  a  solid  mass,  and  may  be  freed  from  bisulphate  of  potash 
by  draining,  washing  with  eold  water,  and  repeated  crystailisatioa. 
Tlie  idd  laH  h  ii«t  obtafaied  by  trestiRg  the  nevtral  salt  with  aeetie  add.  — -  The 
prisms  in  which  this  salt  crystallises  appear  Uiioker  than  those  e£  die 
neutral  s^it,  do  not  form  such  delicate  needles,  and  have  a  darker  colour, 
men  inclining  to  hyacinth-red.  They  redden  litmus  slightly.  They 
retain  their  colour  at  100°9  ^^^  when  more  strongly  heatea  leave  a 
black  mixture  of  charcoal  and  carbonate  of  potash,  exhibiting  incan- 
desoeoce.  (Om.) 

20  C 120-0  ....  27-61  26-92 

5  H 5-0  ....  M5  1-08 

3  JL 117-6  ....  27-06  26-86 

24  O 1920  ....  44-18  4514 

CWHKO«»+C"IPO»  +  4Aq 434*6     ....  100*00     10000 

At  only  one  analysis  was  made  and  with  a  very  small  quantity  of  salt,  thtrs  may 
jpossibly  be  an  error. 
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The  brown-yellow  aqueous  solution  of  this  salt  slowly  tarns  pale 
yellow  on  exposure  to  the  air,  and  yields  very  pale  yellow  crystals  when 
evaporated.  The  aqueous  solution  of  these  crystals  forms,  with  neutral 
acetate  of  lead,  an  orange-yellow  precipitate  which  becomes  pasty  during 
washing;  and  this  precipitate  decomposed  by  sulphuretted  hydrogen  not 
in  excess,  yields  a  colourless  filtrate  which  leaves  thin  colourless  prisms 
when  evaporated.  These  prisms  are  likewise  obtained  by  heating  the 
aqueous  solution  of  neutral  croconate  of  potash  with  a  quantity  of  nitric 
acid  just,  sufficient  to  decolorise  it,  and  treating  the  lead -salt  as  above. 
If  the  sulphuretted  hydrogen  be  used  in  excess,  the  filtrate  acquires  a 
yellow  colour  and  yields  a  brown  extract  besides  the  colourless  prisms. 
These  colourless  crystals  are  quietly  carbonised  by  heat  and  yield  a 
white,  strongly  acid  sublimate.  Their  aaueous  solution  reddens  litmus 
strongly,  and  no  longer  precipitates  neutral  acetate  of  lead.  (Gm.) 

Croconate  of  Soda,  -*  By  saturating  the  acid  with  carbonate  of  soda. 
Rhombic  prisms,  having  a  lighter  orange-yellow  colour  than  the  potash- 
salt,  giving  ofi*  water  of  crystallisation  when  heated^  dissolving  readily  in 
water,  sparingly  in  alcohol.  (Heller.) 

Croconate  of  LUhia.  —  Pale  yellow,  amorphous,  soluble  in  water  and 
alcohol.  (Heller.) 

Croconate  of  Baryta,  —  The  acid  and  the  potash -salt  form  with  baryta- 
water  or  chloride  of  barium,  a  thick,  pale  yellow,  pulverulent  precipitate, 
which  coagulates  by  boiling  into  a  deep,  lemon-yellow,  curdy  mass, 
insoluble  in  a  large  quantity  of  hot  water,  and  dissolving  bat  sparingly 
in  hot  hydrochloric  acid,  (Gm.)  It  is  not  soluble  in  water,  alcohol,  or 
ether.  (Heller.) 

Croconate  of  Strontia,  —  The  acid  forms  with  chloride  of  strontium  a 
yellow  crystalline  precipitate,  which  crystallises  from  the  solution  in 
alcohol  by  spontaneous  evaporation.  The  potash-salt  forms  with  chloride 
of  strontium,  transparent  crystalline  laminaa.  Easily  soluble  in  water 
and  alcohol.  (Heller.) 

Croconate  of  Zime. »-  Croconate  of  potash  forms  with  lime-water  or 
chloride  of  calcium,  after  a  few  hours,  a  large  quantity  of  lemon-yellow 
ctystaLs,  which  dissolve  in  water  very  sparingly  and  with  very  pale 
jA\ow  colour.  (Gm.)  The  free  acid  forms  with  chloride  of  calcmm 
yellow,  translucent,  flat  prisms,  bevelled  at  the  ends,  sparingly  soluble 
in  water  and  alcohol.  (Heller.) 

Croconate  of  Magnena,  —  The  dear  aqueous  mixture  of  croconate  of 
potash  and  sulphate  of  magnesia,  yields,  by  spontaneous  evaporation,  dark 
brown  prisms  acuminated  at  the  ends.  (Heller.) 

Ceric  Croconate,  —  Croconate  of  potash  forms  a  copious  precipitate 
with  hydrochlorate  of  ceric  oxide  and  ammonia^  and  a  scanty  precipitate 
with  acid  hydrochlorate  of  ceric  oxide.  (Heller.) 

Croconate  of  Tttria,  —  Yellowish  brown,  micaceous,  crystalline  scales, 
easily  soluble  in  water.  (Berlin,  Pogff,  48,  1 1 6.) 

Croconate  of  Glucina,  —  The  mixture  of  the  alcoholic  solution  of 
crooonic  acid  with  acetate  of  glucina^  forms  yellow  crystals,  easily  soluble 
in  water  and  alcohol.  (Heller!)' 
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Croeanate  of  Alumina,  —  The  alcobolib  solution  of  the  add,  evaporated 
with  acetate  of  alumina,  leaves  yellow  crystals,  easily  soluble  in  water 
and  alcohol.  (Heller.) 

Croconate  of  Zirconia,  —  Prepared  like  the  alumina-salt.  Yellow, 
transparent  crystals,  soluble  in  water  and  alcohol. 

Cranio  Croconate.  —  The  hyacinth-red  aqueous  mixture  of  the  acid  or 
the  potash-salt  with  nranic  nitrate,  yields,  by  spontaneous  evaporation, 
yellowish  red,  transparent  crystals,  easily  soluble  in  water  and  alcohol. 
(Heller.) 

Manganom  Croconate,  —  By  evaporating  the  acid  with  manganons 
acetate,  or  leaving  the  potash-salt  for  some  time  in  contact  with  man* 
ganous  sulphate,  dingy  yellow  crystals  are  obtained,  having  a  faint  blue 
reflex.  (Heller.) 

Croconate  of  Aviimony. — The  potash-salt  forms,  with  hydroohlorate 
of  chloride  of  antimonv,  a  thick  lemon-yellow  precipitate,  soluble  in 
excess  of  the  chloride  of  antimony.  (Gm.) 

Croconate  of  Bismuth,  —  The  thick  lemon-yellow  precipitate  formed 
by  the  potash-salt  in  a  solution  of  bismuth-nitrate,  dissolves  in  an  excess 
of  the  bismuth-solution.  (Gm.)  It  contains  55 '68  p.  c.  bismnth-oxide, 
and  is  not  soluble  either  in  water  or  in  alcohol.  (Heller.) 

Croconate  of  Zinc,  —  The  alcoholic  solution  of  the  acid  forms,  with 
acetate  of  zinc,  on  evaporation,  and  the  potash-salt  forms,  with  acetate  or 
sulphate  of  zinc,  when  set  aside  for  several  hours,  yellow  crystals  and 
crystalline  grains,  soluble  in  water  and  alcohol. 

Croconate  of  Cadmium.  —  The  potash-salt  added  to  sulphate  of  cad- 
mium, throws  down  a  large  quantity  of  powder,  having  a  fine  yellow 
colour,  and  soluble  in  water  and  alcohol.  (Heller.) 

Stannous  Croconate,  —  The  potash-salt  throws  down  from  proto- 
chloride  of  tin,  a  lartre  quantity  of  an  orange-yellow  powder  (Gm.),  which 
decomposes  with  violence  when  heated,  and  is  sparingly  soluble  in  water. 
(Heller.) 

Bichloride  of  tin  ia  not  precipitated  by  the  potash-salt.  (Heller.) 

Croconate  of  Lead. —  The  free  acid  and  its  potash-salt  precipitate 
neutral  acetate  of  lead  abundantly  in  lemon-yellow  flakes,  which  dissolve 
with  decomposition  in  nitric  acid,  forming  a  colourless  liouid,  and  when 
digested  for  some  time  with  water  and  a  small  quantitv  of  sulphuric  aoid| 
still  leave  a  portion  of  free  sulphuric  acid  in  the  liquid,  which  turns 
yellow.  (Gm.)  The  precipitate,  when  .dry,  is  a  powder  of  a  fine  yellow 
colour,  containing  64*06  p.  o.  oxide  of  lead,  [therefore  =  C*Tb»0*°],  dis- 
solving  without  colour  in  nitric  acid,  but  insoluble  in  water  and  alcohoL 
(Heller.) 

Ferrous  Croconate.  — -  The  potash-salt  imparts  a  dark  yellowish  brown 
colour  to  ferrous  sulphate,  and  afterwards  forms  brown  flakes,  which 
change  over  night  to  dark  brown  crystals.  These  crystals  exhibit  a  blue 
reflex  on  the  crystalline  faces,  like  the  copper-salt,  which  they  also 
resemble  in  form,  and  are  soluble  in  water  and  alcohol.  (Heller.) 

Ferric  Croconate, —  The  potash-salt  forms  with  aqueous  sesquichloride 
of  iron,  a  clear  black  mixture,  exhibiting  a  garnet-red  colour  in  thiii 
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lavon  (Gm.);    and  depoeiting  indistinct,  very  dark-coloored  eiystalt^ 
wnioh  are  fiolable  in  water  and  alcohol.  (Heller.) 

Croconate  of  Cobalt, »-  The  brown-red,  slightlj  tarbid  mixtare  of  the 
potash-salt  with  an  aqueons  cobaltnsalt,  yields,  after  a  few  hours,  dar^ 
brown  transparent  crystals  with  beautiful  yiolet  reflex,  soluble  in  water 
and  aloohol.  (Heller.) 

Croconaie  of  NicloeL  — ^  By  evaporating  croconic  aoid  with  sulphate 
of  nickel,  light  brown  grains  are  obtained,  soluble  in  water  and  aloohoL 
(Heller.) 

Cvpric  Croconate — The  clear  bluish  green  mixture  of  warm  aqoeone 
croconate  of  potash  with  oupric  sulphate  or  hydrochlorate,  deposits 
crystals  on  cooling,  which  must  be  washed  with  water  and  dried  between 
paper.  Crystals  belonging  to  the  right  prismatic  system.  Right  rhombie 
prisms  {Fig,  61)  u  :  u=  108®  and  72  ;  the  obtuse  lateral  edges  and 
summits  replaced  by  the  faces  m  and  y;  the  acute  summits  bevelled  with 
two  faces  in  the  direction  of  the  terminal  edges;  cleavage  parallel  to  u. 
(Blum.)  The  crystals  transmit  light  with  brownish  x>range-yellow  colour, 
but  reflect  it  from  their  faces  with  dark  blue  colour  and  brilliant  metallio 
lustre.  Masses  of  small  crystals  appear  violet-red;  the  powder  is  lemon* 
yellow,  brighter  in  proportion  to  its  fineness,  and  imparts  the  same 
colour  to  a  large  Quantity  of  ouprio  o±ide  when  triturated  therewith. 
The  crystals  heatea  in  the  water-bath  for  several  days,  give  off  13*51 
p.  0.  water,  then  a  small  additional  quantity  at  162^  in  all  13*81  p.  c. 
(4  At.  while  2  At.  water  are  obstinately  retained),  and  appear  bnt 
little  altered,  only  more  brownish  and  duller.  When  the  crystab  are 
heated  in  a  small  retort,  water  escapes  at  first,  and  then,  at  a  temperature 
below  redness,  one  crystal  after  another  suddenly  decomposes  without 
appearance  of  light,  and  with  percussive  evolution  of  ffas  and  projection 
of  single  particles,  which  buni  with  emission  of  sparks,  on  coming  in 
contact  with  the  air.  The  gas  thereby  evolved  consists  of  carbonic  acid 
and  carbonic  oxide,  at  first  in  the  volume-ratio  of  1  :  1*2,  at  last  of  1  :  1*8. 
A  very  small  quantity  of  distillate  is  obtained,  having  the  odour  of 
wood- vinegar,  tho  first  portions  being  pale  yellow,  and  reddening  litmus 
slightly;  the  latter  portions  brownish  yellow  and  strongly  acid,  and  after 
neutralisation  with  ammonia,  imparting  a  darker  colour  to  dilute  sesqui- 
chloride  of  iron,  and  forming  an  immediate  black  precipitate  with  nitrate 
of  silver.  The  residue  of  copper  and  charcoal  which  remains  after 
heating  the  crystals,  amounts  to  30'8  per  cent,  if  the  crystals  have  been 
heated  in  a  retort  containing  air;  to  32'8  per  cent,  if  carbonic  acid  has 
been  passed  through  the  apparatus  before  and  during  the  heating;  and  to 
86*8  p.  c.  if  hydrogen  has  been  passed  through  it.  It  is  a  brown-blacky 
dull,  somewhat  fibrous  powder.  Heated  in  the  air  to  a  temperature 
somewhat  below  redness,  it  bums  away  with  a  glimmering  light  and  slight 
emission  of  sparks,  leaving  first  a  red  powder  of  metellic  copper  and 
afterwards  cupric  oxide.  Fuming  nitric  acid  sets  it  on  fire,  with  vivid 
sparkling.  The  crystals  heated  in  the  air  decompose  eae  after  another 
with  a  slight  hissing  noise,  appearance  of  fire,  sparkling  and  pcojeetion 
of  individuiU  particles,  and  throw  out  slender  threads  of  dull  red  metallio 
copper,  which  is  then  quickly  converted,  with  a  glowing  light,  into  oxide. 
In  oxygen  gas,  the  sparkling  and  projection  of  the  particles  are  very 
violent.  (Gm.) 

The  salt  dissolves  very  sparingly  in  cold  water;  somewhat  mone 
iA>nndantly  and  with  lemon-yellow  colour,  in  boiling  water,  but  separates 
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out  again  for  the  most  part  on  cooling,  the  liamd  then  aasuming  a  pale 
jellow  tint.  The  solution,  mixed  with  potash  (even  out  of  contact  of 
air),  forms  croconate  of  potash,  and  a  bine  precipitate  soluble  in  excess 
of  potash.  Similarly  with  ammonia,  which  also  dissolves  the  crystals 
with  blue  colour,  whereas  potash-Iej  acts  but  feebly  on  the  crystals. 
The  aqueons  solution  exhibits,  with  sulphuretted  hydrogen,  ferrocyanide 
of  potassium,  sulphocyanide  of  potassium,  ferrous  sulphate,  and  also  with 
hydrocyanic  acid  and  tincture  of  guaiacuro,  the  same  reactions  as  other 
cupric  salts  (v.  413).  It  coppers  iron  but  slightly,  unless  hydrochlorio 
acid  be  added.  (Gm.) 

Cryttaia,  Gm, 

10  C  60     ....     23-26     23-36 

2  Cu 64     ....     24-80     24-80 

6  H 6     ....       2-33     2-23 

16  O  128     ....     49-61     49-61 

CWCu20>»  +  6Aq 258     ....  100-00 100-00 

Or;  On. 

IOC 60  *...  23-26 23-26 

2  Cu 64  ....  24-80  24-80 

10  O 80  ....  31  01  31-83 

6  HO  54     ....     20-93     20-11 

t         . I.    .- .  .- ■  I.I  I    ...    I  I.  ,.i ,1   I     I 

C«»Ca»0»+6Aq 258    ....  10000     10000 

Mercurous  Croconate,  —  The  free  acid  and  its  potash-salt  form,  with 
mercurous  nitrate,  copious  lemon-yellow  flakes,  which  dissolve  in  nitric 
acid,  forming  a  colourless  liquid.  (Gm.)  The  flakes  are  reddish  yellow 
at  first;  but  the  colour  quickly  changes  to  yellow.  (Heller.) 

Mercuric  Orocanate,  —  Mercuric  nitrate  also  forms,  with  the  potash* 
salt^  a  precipitate  of  a  fine  yellow  colour.  (Heller.) 

Croconate  of  Silver,  —  The  free  acid  and  the  potash-salt  precipitate 
from  nitrate  of  silver,  an  abundance  of  aurora-red  flakes,  which  still  con- 
tain potash  (perhaps  C^^KA^O^^?),  are  quickly  and  completely  resolved 
by  hydrochlorio  acid  into  chloride  of  silver  and  croconio  acid  containing 
potash,  and  dissolve  in  nitric  acid  to  a  colourless  liquid,  with  slight 
evolution  of  gas*  (Gm.)  The  precipitate  turns  brown  on  exposure  to 
light,  throws  out  sparks  with  violence  when  heated,  and  dissolves 
sparingly  in  water,  (Heller.) 

Croconio  acid  is  soluble  in  alcohol. 


Appendix  to  Croconie  Acid, 

L  Gorboxide  of  Potaseiiuu. 

L»  Omeun.    Pogf,  4,  35^ 
LiBBiG.    Foffff.  33,  90. 
HsLLEB.    Anal.  Pkarm.  34,  232^ 

KohUnMcyd-KaUmn.  —  First  observed  by  W5hler  and  Berzelins.  {Pofff* 
4,  31  to  34.) 

Charcoal  at  a  while  heat  decomposes  potash  into  carbonic  oxide  and 
potassium;  bat  at  a  dull  red  lieat,  the  potassium  again  decomposes  the 
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carbonic  oxide  gas  into  charcoal  and  potash;  and  at  a  still  lower  Beat^  the 
potassium  and  carbonic  oxide  unite  into  a  grey  flocculent  mass,  which 
may  proTisionallj  be  regarded  as  a  compoand  of  carbonic  oxide  and 
potassium,  and  designated'  as  carboxide  of  potassium. 

The  following  observations  are  recorded: 

When  potassium  is  prepared  by  Brunner  and  Wohler's  method  (iii.  7), 
in  which  the  mixture  of  carbonic  oxide  gas  and  potassinm-vapour  is  passed 
from  the  white-hot  iron  bottle  through  an  iron  tube  into  a  copper  reoeirer, 
and  thence  through  a  long  tube,  the  half-ignited  iron  tube  becomes 
filled  with  a  hard  black  mass,  which  behaves  like  a  mixture  of  charcoal^ 
potash,  and  potassium.  But  the  gas  which  escapes  from  the  copper 
receiver  is  accompanied  bj  grey  vapours.  If  this  cloudy  gas  is  not  too 
much  cooled,  it  bums  slowly  in  the  air  with  a  dull  red  light,  but  on  the 
approach  of  a  flaming  body,  or  in  many  instances  spontaneously,  takes  fire 
and  bums  rapidly  with  a  bright  reddish  white  name  and  white-  fumes. 
When,  on  the  other  hand,  the  gas  is  passed  though  tubes  and  vessels  in 
which  it  cools,  the  cloud  condenses  in  these  vessels,  in  grey  flakes  of 
carboxide  of  potassium.  These  flakes  are  likewise  found  in  the  copper 
receiver,  mixed,  however,  with  charcoal,  potash,  and  potassium.  The 
formation  of  carboxide  of  potassium  is  equally  abundant  when  the  potas- 
sium is  prepared  from  a  mixture  of  charcoal  and  carbonate  of  potash 
instead  of  burnt  tartar,  and  no  rock-oil  is  put  into  the  receiver.  Conse- 
quently, the  cooling  of  the  carbonic  oxide  gas,  mixed  with  potissium- 
vapour  stops  the  separation  of  charcoal,  and  induces  the  formation  of 
carboxide  of  potassium.  (Gm.) 

When  Gay-Lussac  &  Th^nard  {Recherch.  1,  250,  and  267,)  heated 
potassium  in  carbonic  oxide  gas  over  a  spirit-lamp,  the  gas,  at  a  certain 
temperature  [probably  near  redness,]  was  almost  instantly  absorbed,  with 
ignition  of  the  potassium,  separation  of  charcoal  and  formation  of  pot- 
ash; sodium  heated  nearly  to  dull  redness,  acted  nearly  in  the  same 
manner,  but  without  appearance  of  fire. 

On  the  other  hand,  when  Liebig  passed  dry  carbonic  oxide  gas  over 
potassium,  heated  just  to  its  melting  point  in  a  wide  iron  tube,  the 
potassium  absorbed  the  gas  without  appearance  of  fire,  becoming  green 
at  first,  spreading  itself  out  on  the  side  of  the  tube,  and  being  finally 
jDonverted  into  a  black  mass,  which  was  easily  separated  when  cold,  and 
exhibited  the  characters  of  the  carboxide  of  potassium  obtained  in  the 
preparation  of  potassium.  Heller  obtained  the  same  mass,  but  found 
that  the  crust  which  formed  above  the  potassium,  prevented  the  com- 
plete penetration  of  the  carbonic  oxide. 

Preparation.  The  preparation  of  potassium  is  conducted  with  a 
larger  quantity  of  chai'coal  than  usual,  whereby  the  yield  of  potassium 
is  diminished,  but  that  of  the  carboxide  is  increased;  and  the  gaseous 
mixture  is  made  to'nass  from  the  copper  receiver,  which  contains  a  little 
rock-oil,  through  tubes  into  three  bottles  successively,  the  first  two  of 
which  contain  rock-oil,  and  the  third  water.  The  black  mass  which  con« 
denses  in  the  copper  receiver,  contains,  besides  carboxide  of  potassium,  a 
large  quantity  of  charcoal,  potash,  and  potassium,  together  with  a  resin- 
OQS  matter,  and  a  brown  substance  soluble  in  water,  and  serves  for  the 
preparation  of  rhodizonate  and  croconate  of  potash.  The  product  in  the 
first  bottle  consists  of  porous  lumps,  often  as  big  as  hazlenuts,  and  con- 
tains small  quantities  of  potassium  and  charcoal  (perceptible  on  dis- 
solving the  mass  in  water);  that  in  the  second  is  free  from  charcoal;  that 
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in  tbe  tbilrd  nerres  for  the  preparation  of  croconate  of  potash.  The  loose 
.oarboxide  of  potassium  in  the  second  bottle  is  separated  from  tbe 
admixed  potassiam  (which  remains  in  a  more  coherent  state)  by  trituration 
and  IcTigation  with  rock-oil;  collected  on  a  filter;  strongly  pressed 
between  paper;  and  preserved  in  well  closed  bottles.  The  compound 
thus  obtained  is  not  howeyer  pure;  alcohol  and  ether  extract  potassium 
from  it  in  the  form  of  potash,  besides  rock-oil  and  a  resinous  substanooy 
"which  may  be  precipitated  from  the  water  by  alcohol;  and  the  residue 
forms  with  water,  not  only  rhodizonate  of  potash,  but  also  a  brown  sub^ 
stance  [resembling  humate  of  potash]  which  dissolves  in  the  watec 
(Heller.) 

Also,  when  the  gas  which  issues  from  the  copper  receiver  is  passed 
through  a  tube  of  tinned  iron,  an  inch  wide  and  three  feet  long,  into  a 
wide  open  iron  bottle^  the  greater  part  of  the  carboxide  of  potassium  is 
deposited  tolerably  pure  in  the  tube  and  bottle.  Bottles  and  tubes  of 
glass  are  dangerous;  because  the  carboxide  of  potassium  contained,  in 
them  may  explode,  after  the  air  has  acted  upon  it  for  a  short  time,  and 
shatter  the  glass,  especially  on  dissolving  the  mass  in  water.  (Ghn.) 

Properties.  Carboxide  of  potassium  is  a  grey  or  black,  loose  pul- 
verulent mass.  (Berzelius,  Gm.,  Heller.)  Under  the  microscope,  it  some- 
times exhibits  four-sided  prisms  with  truncated  summits.  (Edm.  Davy.) 

DecompasUions.  The  mass  distilled  at  a  red  heat  gives  off  potassium, 
and  leaves  charcoal.  (Edm.  Davy.)  —  The  carboxide  of  potassium 
obtained  by  heating  potassium  in  carbonic  oxide  gas,  if.  exposed  to 
the  air  while  still  warm,  takes  fire  with  detonation.  (Liebiff.)  —  The 
carboxide  obtained  in  the  preparation  of  potassium  takes  fire  in  the  air, 
and  burns  like  a  pyrophorus.  (Berzelius.) — The  product  condensed  in  the 
copper  receiver  without  rock-oil,  takes  fire  in  the  air  with  emission  of 
sparks,  projection  of  the  mass,  and  dangerous  explosion,  especially  if 
rubbed.  (Heller.)  —  The  grey  loose  mass  which  condenses  in  the  glass 
or  tinned  iron  tube  connected  with  the  copper  receiver,  becomes  soft  and 
pasty  on  exposure  to  the  air,  and  rises  almost  to  a  red  heat,  which 
graaually  extends  throughout  the  mass,  the  reddish  grey  colour  changing 
at  the  same  time  to  grey.  (Gm.)  —  The  greenish  grey  powder,  shaken  out 
of  the  tube  into  a  porcelain  dish,  after  the  tube  has  been  closed  air-tight 
for  10  days,  immediately  reddens,  and,  after  a  few  seconds,  takes  fire 
with  tremendous  detonation  and  shatters  the  basin.  (Wohler,  Ann.  Pharm: 
49,  361.)  Moistening  with  rock-oil  prevents  it  from  taking  fire. — 
Carboxide  of  potassium  takes  fire  when  thrown  on  water,  [from  the 
presence  of  free  potassium?]  and  acquires  a  vermiliion  colour  when 
Drought  in  contact  with  water  under  rock-oil.  (Berzelius.)  —  Exposed  to 
the  air,  after  complete  cooling,  it  sometimes  turns  green  here  and  there, 
and  afterwards  yellow,  with  formation  of  croconate  of  potash,  some- 
times red.  (Gm.  Liebig.)  It  acquires  a  fine  red  colour,  from  formation  of 
rhodizonate  of  potash.  (Heller.)  —  When  recently  prepared,  it  dissolves 
quietly  in  water,  with  slight  evolution  of  combustible  gas,  and  forms  a 
brownish  yellow  liquid,  containing  croconate  (or  rather  rhodizonate^ 
according  to  Heller),  and  neutral  carbonate  of  potash.  If  the  quantity 
of  water  present  is  not  very  large,  a  cochineal-coloured  powder  (rhodir 
zonate  of  potash,  according  to  Heller),  remains  undissolved.  Carboxide 
of  potassium  which  has  been  exposed  to  the  air  till  it  has  turned  yellow 
and  red,  likewise  dissolves  quietly  in  water;  but  that  which  has  been 
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•xpdsed  to  the  sir  for  a  few  hoim  only,  is  set  on  fire  hj  ireter,  with 
yiolent  detonation,  and  ehattering  of  the  glass  Teseels.  (6m.  iii.  8.)  — 
The  combustible  gas  eliminated  by  water  is  OH*.  (Edm.  Davy,  Jnu^ 
^Pharm,  23,  144;  see  viii.  150.) — Garboxide  of  potassium,  plaoed  ia 
oontact  wiUi  water  over  mercury,  so  as  to  exclude  the  air,  diesolTea 
quietly,  giving  off  first  defiant  gas,  then  carbonic  oxide.  (Heller.V^- 
When  the  quantity  of  water  is  large,  the  whole  dissolves  with  deep 
reddish  yellow  colour;  when  less  water  is  used,  part  of  the  riiodiaonate 
of  potash  produced  remains  undissolved,  in  the  form  of  a  red  )iowder; 
and  with  a  still  smaller  quantity  of  water,  a  pale  yellow  solution  is 
obtained,  because  the  strong  caustic  alkali  contained  in  it,  converts  th^ 
rhodiaonate  of  potash  into  croeonate.  (Heller.)  —  The  black  compound 
produced  by  heating  potaasium  in  carbonic  oxide  gasi,  dissolves  in  water, 
with  the  exc^ion  of  a  few  black  flakes,  and  gives  off  a  gas,  part  of 
which  takes  fire  spontaneously;  the  gas  evolved  out  of  contact  with  tha 
air,  bums  when  set  on  fire,  with  the  bright  flame  of  olefiant  gas.  The 
solution  obtained  with  a  small  quantity  of  water  is  pale  yellow;  that 
obtained  with  a  large  quantity  of  water,  reddish  yellow  and  alkaline; 
when  evaporated,  it  turns  pale  yellow,  and  yields,  first  croeonate  of 
potash,  then  about  an  equal  quantity  of  oxalate.  (Liebig.) 


2.   Bhodizonic  Acid. 

Hhllbr.    J.pr.  Chem,  12,  19^1;  abstr.  ^nn.  PAarm.  24,  1.  —  Zeitrnkr. 

Fhyi,  V.  W.  6,  54;  abstr.  Ann.  Pharm.  34,  232. 
A.  Wernbh.    /.  pr.  Chem.  13,  404. 

Berzelius  and  W5hler  noticed  the  red  substance  produced  by  the 
action  of  water  on  carboxide  of  potassium.  Gm.  found  that  the  aqueous 
solution  of  this  substance  yields  croeonate  of  potash  when  evaporated  in 
contact  with  the  air,  and  supposed  it  to  contain  an  acid  different  from 
croconic  acid.  Heller,  in  1837>  ascertained  the  properties  of  this  acid 
more  distinctly,  and  gave  it  the  name  of  Rhodizonic  acid. 

Preparation  of  JRhodieonate  <^  Potash.  —  Carboxide  of  potassium, 
collected  in  the  copper  receiver  under  rock-oil,  freed  from  the  fi^reater 
part  of  the  charcoal  and  potassium  by  levigation  with  rock-oil,  then 
collected  on  a  filter  and  pressed,  is  repeatedly  shaken  up  with  alcohol, — 
which  extracts  potash,  rock-oil,  and  a  resinous  substance  precipitable  by 
water, — till  the  alcohol  no  longer  becomes  strongly  coloured;  the  blade 
viscid  mass  which  remains  after  pouring  off  the  alcohol,  agitated  with  one- 
third  of  its  bulk  of  water,  and  then  with  a  sufficient  quantity  of  alcohol 
to  produce  separation;  the  aqueous  alcoholic  liquid  containing  potash 
and  a  dark  brown  substance  precipitable  by  water,  decanted;  the  residual 
mass  repeatedly  treated  in  the  same  manner  with  water  and  alcohol,  till 
the  water  is  no  longer  coloured  brown  but  light  yellow,  from  the  presenoe 
of  a  small  quantity  of  rhodizonate  of  potash;  the  substance  which  remains 
after  decantinfi;  the  liquid,  exposed  to  the  air,  under  which  circumstances 
it  turns  red,  the  more  quickly  as  it  has  been  more  completely  freed  from 

i>otash;  the  mass,  which  has  the  consistence  of  honey,  diluted  with  a 
itUe  water,  then  treated  with  successive  small  portions  of  a  mixture  of 
1  pt.  oil  of  vitriol  and  15  pts.  water,  which  eliminates  carbonic  add. 
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and  inixed  with  alcohol  till  a  precipitate  is  foiined^  the  yellowish  brown 
strongly  alkaline  liquid  decanted;  and  the  mass  repeatedly  treated  in 
this  manner  with  water  containing  sulphuric  acid  and  with  alcohol,  till 
the  decanted  liquid  is  no  longer  alkaline, — a  sign  that  the  mass  is  oom- 
pletely  converted  into  rhodizonate  of  potash;  it  mast  then  be  thrown  on 
a  filter  with  the  aid  of  alcohol,  and  dried.  If  too  much  sulphuric  acid 
has  been  used,  and  the  mass  has  consequently  acquired  the  power  of 
reddening  litmus,  from  separation  of  rhodisonic  acid,  it  must  be  neutralised 
with  carbonate  of  potash.  An  admixture  of  sulphate  of  potash  renders 
the  dark  red  colour  of  the  rhodizonate  paler. 

Preparation  qf  Bhodizonie  acid,  —  1.  The  potash-salt  is  suspended  in 
alcohol  of  sp.  gr.  0*81  to  0'82;  a  mixture  of  alcohol  with  sufficient  oil  of 
vitriol  to  saturate  the  potash  then  added;  the  whole  digested  at  a  gentle 
heat;  the  filtrate,  if  it  still  contains  sulphuric  acid,  cautiously  digested 
with  baryta-water,  till  a  pale  red  precipitate  of  rhodizonate  of  baryta 
just  begins  to  form;  the  filtrate  evaporated  at  a  gentle  heat  to  a  small 
bulk;  the  acid  left  to  crystallise;  and  the  crystals  freed  by  washing 
with  alcohol  from  the  dark  brown  mother-liquor,  which  has  an  offensiye 
odour  of  rock-oil.  (Heller.)  —  When  the  potash-salt  is  decomposed  by 
alcohol  containing  a  small  quantity  of  sulphuric  acid,  a  deep  purpk-red 
filtrate  is  obtained,  containing  no  sulphuric  acid,  and  leaving  on  evapo- 
ration, blue-black  needles  united  in  tufts.  (Werner.)  —  2.  The  aoid 
obtained  by  (1)  is  dissolved  in  alcohol  and  precipitated  by  carbonate  of 
potash  in  the  form  of  rhodizonate  of  potash;  the  aqueous  solution  of  this 
salt  precipitated  by  neutral  acetate  of  lead  acidulated  with  acetic  add; 
the  dark  violet  lead-salt  washed  on  the  filter  with  water,  and  decomposed 
by  sulphuretted  hydrogen  after  suspension  in  water  or  alcohol;  and  the 
dark  hyacinth  red  filtrate  evaporated  to  a  small  bulk  and  left  to  crys- 
tallise.—  The  mother-liquor  then  remaining,  which  contains  scarcely 
any  more  rhodizonic  acid,  is  very  dark  coloured.  (Heller.)  —  The  lead- 
ealt  suspended  in  water  may  be  easily  and  completely  decomposed  by 
sulphuretted  hydrogen,  and  yields  a  pale  yellow  filtrate,  whioh  exhibits 
the  reactions  of  rhodizonic  acid,  and  becomes  continually  darker  by 
evaporation,  ultimately  acquiring  a  deep  red  colour  and  yielding  brown- 
black  dodecahedrons.  (Werner.) 

Properties.  Prepared  by  (1)  :  Short  slender  needles  of  a  Dale  orange- 
y^low  colour;  by  (2) :  Very  dark  coloured  needles  having  a  bluish  green 
metallic  lustre.     This  dark  colour  arises  from  enclosed  mother-liquor. 

(Heller.)  —  (Hdler  has  withdrawn  his  fonkier  stalesaetit  that  the  acid  Is  eolourlesa; 
bat  respecting  the  colonr  of  its  aqaeoos,  alooholio,  or  ethereal  solution,  which  was 
likewiae  stated  to  be  eolourless,  nothing  is  said  in  his  second  memoir.  Loebig  regards 
these  coloorless  crystals  formerly  obtained  by  Heller,  as  sulphovlnate  of  potash.) 
Werner  obtained:  by  (1),  needles;  by  (2)  dodecahedrons  of  brown-black 
colour,  which  reflected  the  8un*s  rays  with  brilliant,  deep  purple-red 
metallic  lustre.  —  Inodorous,  with  slightly  acid  and  astringent  taste, 
reddening  litmus  permanently.  (Heller,  Werner  )  —  The  crystals  do  not 
decompose,  even  by  long  keeping;  but  if  exposed  to  the  air,  especially  in 
vessels  which  are  frequently  opened,  they  turn  red,  and  when  rubbed 
between  the  fingers,  exhibit  a  blood-red  colour,  with  green  metallic  lustre, 
in  consequence  of  the  great  afiinity  of  the  acid  for  organic  substances. 
(Heller.)  [Or  from  taking  up  ammonia?!.  —  The  aqueous  solution 
colours  the  skin  yellowish-red  (Heller);  deep  brown -red.  (Werner.) 
From  the  contradictory  analyses  of  the  rhodizonatee  t/S  potash  and 


400  FURFENIS ;  0XTGGN-NUCLEU8  CX'HK)^. 

lead.  It  id  impossible  to  establish  with  certainty  the  formula  of  rhodizonic 
acid;  we  can  onlj  indeed  deduce  from  these  analyses  that  all  the 
hjdroffen  which  can  be  supposed  to  exist  in  the  acid,  together  with 
C  and  0  is  (as  in  crocouic  and  oxalic  acid)  replaceable  by  a  metal. 
*Liebiff  (Ann.  Pharm,  24,  16),  starting  from  the  feict  that  rhodizonate  of 
potash  acid  dissolved  in  water,  splits  up  into  croconate  and  oxalate^ 
suggests  for  rhodizonate  of  potash  the  formula  3K0, 7C0,  which^  when 
doubled  and  written  in  a  different  form,  becomes  G^^K'^O^;  such  a  com- 
pound may  yield  C"KH)^"  (croconate  of  potash),  C*K'0®  (oxalate  of 
potash),  and  2K0.  This  view  is  corroborated,  on  the  one  hand,  bj 
Thaulow's  observation,  that  the  solution  of  rhodizonate  of  potash,  when 
thus  decomposed,  becomes  alkaline,  and  on  the  other  hand,  approximately, 
by  Heller's  analysis  of  the  potash-salt,  in  which  he  found  62  p.  c.  potash, 
the  formula  C"K*0"  requiring  59  p.  c.  According  to  this  view,  the 
formula  of  rhodizonic  acid  would  be  C'^HK)**.  It  is  not  yet,  however, 
satisfactorily  explained  why  rhodizonate  of  potash  immediately  splits  up 
into  croconate  and  oxalate  when  free  potash  is  added  to  it,  whereasi, 
without  this  addition,  the  change  does  not  take  place  unless  the  air  has 
access  to  the  liquid. 

Decompositiont,  The  crystallised  acid  heated  considerably  above 
100^,  turns  greenish  black  and  volatilises  in  the  decomposed  state  without 
residue.  (Heller.)  When  heated,  it  gives  off  water,  then  a  yellowish-red 
vapour  which  forms  a  sublimate  of  the  same  colour  and  appears  to 
consist  of  undecomposed  acid; — it  then  turns  black  and  yields  a  grey, 
and  afterwards  a  yellow  vapour  smelling  of  empyreumatic  organic  matter, 
and  bums  away  in  the  air  leaving  only  a  trace  of  alkaline  ash.  (Werner.) 
—  8.  It  is  quickly  decomposed  by  concentrated  mineral  acids  (Heller); 
even  in  the  state  of  aqueous  solution.  (Werner.)  —  3.  The  alcoholic 
solution  of  the  acid  and  the  aqueous  solution  of  the  potash-salt  reduce 
the  metal  from  a  solution  of  gold.  (Heller.)  —  The  acid  dissolved  in 
water  and  exposed  to  the  air  for  several  weeks,  is  resolved  into  croconio 
and  oxalic  acid.  (Werner.) 

€ondnnaUon$.  The  acid  dissolves  readily  in  water.  (Heller.)  The 
concentrated  solution  is  red,  the  dilute  solutioi^  yellow.  (Werner.) 

Bhadizonates,  —  The  potash-salt  is  the  only  one  which  crystallisea. 
The  colour  of  the  salts  passes  from  light  roue-red  through  carmine  and 
blood-red  to  dark  chocolate-brown,  and  is  lighter  the  more  finely  the 
salts  are  divided.  Many  exhibit  a  green  metallic  lustre.  They  are  not 
decomposed  by  exposure  to  the  air,  but  merely  acquire  a  darker  colour. 
They  aecompose  at  a  temperature  considerably  below  redness,  without 
any  or  with  only  a  faint  glow,  and  leave  a  mixture  of  charcoal  with 
metal,  oxide,  or  carbonate.  Most  of  them  dissolve  in  water  with  orange- 
yellow,  or  in  case  of  greater  concentration,  with  red-brown  colour.  Some 
of  these  solutions  become  pale  yellow  on  exposure  to  the  air,  the  rhodi- 
zonate being  then  resolved  into  croconate  ana  oxalate. 

Bkodizonate  of  Ammonia,  —  Precipitated  as  a  dark  yellowish  powder, 
on  mixing  the  alcoholic  solution  of  the  acid  with  a  small  quantity  of 
ammonia,  and  as  a  violet  powder  on  mixing  the  aqueous  potash-salt  with 
hydrosulphate  of  ammonia.  It  dissolves  readily  in  water,  sparingly  in 
alcohol,-  and  in  the  state  of  aqueous  solution  splits  up  into  croconate  and 
oxalate  of  ammonia.  (Heller.) 
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Rhodizonate  of  Potash.  —  Preparation  (p.  S98).  Small  and  apparently 
oblique  rhombic  prisms,  whose  faces  exhibit  a  bluish  green  metallic 
lustre;  the  velvety,  bright  red  powder,  rubbed  on  paper  with  the  polishing 
stone  immediately  acquires  a  blue-grcen  metallic  lustre.  Inodorous, 
tasteless,  permanent  in  the  air.     Contains  61*96  p.  c.  potash.     Becomes 

freyish  black  when  heated,  and  ultimately  leaves  carbonate  of  potash, 
usoluble  in  alcohol  and  ether,  but  dissolves  readily  in  water.  The 
deep  red  aqueous  solution,  when  left  to  stand  [in  contact  with  the  air] 
turns  pale  yellow  in  a  few  hours  (immediately  on  the  addition  of  potash 
or  ammonia)  from  formation  of  croconate  and  oxalate  of  potash,  and 
with  liberation  of  potash;  it  is  also  decolorised  and  decomposed  by  sul- 
phuric, hydrochloric,  and  nitric  acid.  (Heller.)  —  The  alcoholic  solution 
of  the  acid,  yields,  when  alcoholic  potash  is  dropped  into  it,  a  cherry-red 
precipitate,  with  greenish  metallic  lustre,  which,  after  being  collected  on 
a  filter  and  dried  between  paper,  becomes  brown-red,  and  exhibits  the 
green  metallic  lustre  in  a  fainter  degree.  It  dissolves  sparingly  in  cold, 
not  much  more  readily  in  hot  water,  and  is  not  altered  by  remaining  for 
many  weeks  under  water  in  contact  with  the  air.  (Werner.) 

[From  the  author's  notes  of  former  experiments  (Pogg.  4,  59)  with 
impure  rhodizonate  of  potash,  as  obtained  in  the  form  of  a  cochineal- 
coloured  powder  by  the  action  of  water  on  carboxide  of  potassium  which 
has  been  exposed  to  the  air,  the  following  passage  is  extracted  :  It  bums 
-with  resinous  flame  and  white  smoke.  Its  reddish  yellow  aaueous 
solution  is  immediately  decolorised  by  nitric  acid,  and  reduces  gold  from 
the  solution  of  the  chloride.  With  aqueous  ammonia  it  forms  a  reddish 
yellow  solution,  which  again  leaves  a  red  residue  when  evaporated,  but 
forms  with  potash  a  yellow  solution  of  croconate  of  potash;  its  aqueous 
solution  also  immediately  turns  reddish  on  addition  of  a  small  quantity 
of  potash,  and  then  deposits  needles  of  croconate  of  potash.  The  reddish- 
yellow  aqueous  solution,  if  kept  from  contact  with  the  air,  retains  its 
colour,  even  in  sunshine,  and  again  leaves  a  red  mass  when  evaporated; 
bnt  the  solution,  when  exposed  to  the  air,  becomes  pale  yellow  in  a  few 
bours,  and  then  leaves  on  evaporation  needles  of  croconate  of  potash. 
The  reddish  yellow  aqueous  solution  throws  down  from  baryta-water, 
brown-red  flakes  which  turn  yellow  on  exposure  to  the  air;  from  lime- 
water,  pale  red  flakes;  from  protochloride  of  tin  or  neutral  acetate  of 
lead,  dark  red;  from  mercurous  nitrate,  carmine-coloured;  and  from 
nitrate  of  silver,  reddish  black  flakes.] 

Rhodkomite  of  Soda,  —  Obtained  by  adding  a  concentrated  solution 
of  carbonate  of  soda  to  the  solution  of  the  acid  in  strong  alcohol,  and 
washing  the  dark  carmine-coloured  powder  thereby  precipitated,  on  the 
filter  with  alcohol,  to  remove  the  excess  of  alkali.  The  dried  salt  is 
brown.  Its  reddish  yellow  aqueous  solution  decomposes  like  the  potash- 
salt  on  exposure  to  the  air  or  on  addition  of  soda.  (Heller.) 

RhodizonaU  of  Llthia.  —  The  dark  crimson-red  salt,  which  is  prepared 
like  the  soda-salt,  forms  with  water  a  reddish  yellow  solution,  which 
becomes  very  pale  on  exposure  to  the  air,  depositing  a  light  violet 
powder  and  forming  croconate  and  oxalate  of  lithia.  (Heller.) 

Rhodizonate  of  Baryta,  —  1.  The  alcoholic  acid  forms  with  baryta- 
water,  a  light  carmine  coloured  precipitate,  and  with  a  sniall  quantity 
of  aqueous  chloride  of  barium,  after  a  while,  an  extremely  beautiful 
carmine-coloured  precipitate,  which  transmits  light  of  the  same  'Colour, 
but,  under  difi*erent  circumstances,  reflects  it  with  yellowish  green  colour. 
YOL.  X.  2  p 
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—  2.  The  aqueous  solution  of  the  potash- salt  forms  a  carmtne-colonied 
precipitate  with  baryta-water,  and  an  immediate  cherry -red  precipitate 
with  chloride  of  barium.  The  salt  is  insoluble  in  water,  alcohol,  and 
ether;  it  is  not  altered  by  immersion  in  water,  bnt  in  barytarwater  it 
turns  yellow,  witli  formation  of  croconate  of  baryta.  (Heller.)  The 
aqueous  acid  likewise  precipitates  hydrochlorat«  and  aeeiette  of  baryta; 
the  latter  is  the  best  test  for  rhodizonic  acid,  and  forms  with  dOate 
solutions  a  rose-coloured,  with  concentrated  solutions  a  deep  pnrple-red 
precipitate.  (Heller.)  —  The  salt,  after  drying,  is  yellowish  red,  with 
greenish  iridescence.  Dilute  sulphuric  acid  decomposes  it  only  in  the 
recently  precipitated  state.  When  finely  divided  and  suspended  in 
watet;  it  is  coloured  carmine-red  by  a  few  drops  of  hydrochloric  acid, 
and  exhibits  after  washing  the  characters  of  the  unaltered  salt;  the 
yellow  liquid  filtered  therefrom  contains  hydrochlorate  of  baryta,  a«  well 
as  rhodizonate  (precipitable  by  a  small  quantity  of  potash).  Rhodizo- 
nate  of  baryta  suepended  in  water  is  coloured  light-red  by  a  small 
quantity  of  nitric  acid,  yellowish-red  by  phosphoric  acid.  When  the 
salt  suspended  in  water  is  heated  with  phosphoric,  hydrochloric,  or  nitrio 
acid,  the  liquid  acquires  a  yellow  colour  from  formation  of  erooonic  acid, 
but  is  decolorised  by  boilin?,  in  consequence  of  the  further  decomposition 
of  the  croconic  acid.  Rhodizonate  of  baryta  likewise  dissolves  sparingly 
in  strong  acetic  acid,  but  is  insoluble  in  water.  (Werner.) 

Rhodizonaie  of  Strontia.  —  The  alcoholic  acid  forms,  with  chloride  of 
strontium,  a  splendid  violet-carmine-red  precipitate,  and  the  potash-salt 
a  cherry-red  precifHtate,  with  yellowish  green  metallic  lustre,  sparingly 
soluble  in  water,  insoluble  in  alcohol.  (Heller.)  The  aqueous  acid  like> 
wise  precipitates  chloride  of  strontium.  (Werner.) 

Rhodizonate  of  Lime.  —  The  alcoholic  acid  forms  with  lime-water  a 
garnet-brown,  and  with  acetate  of  lime  a  light  blood-red  precipitate;  the 
aqueous  potash-salt  forms  with  lime-water  a  deep  carmine-  red,  and  with 
acetate  of  lime  a  dark  red  precipitate,  but  does  not  precipitate  chloride 
of  calcium.  The  precipitate  turns  yellow  under  lime-water;  it  dissolves 
in  water,  but  not  in  alcohol.  (Heller.) 

Bkodissofiate  of  Magnesia.  —  Obtained  by  precipitating  acetate  of 
magnesia  with  the  alcoholic  solution  of  the  acid.  Has  a  fine  garnet-red 
colour;  dissolves  easily  in  water  and  alcohol.  (Heller.) 

Ceric  JRkodisionaie.  —  By  dissolving  cerio  oxide  in  the  alcoholic  acid, 
and  evaporating,  a  purple- red  amorphous  mass  is  obtained^  easily  soluble 
in  water  and  alcohol.  (Heller.) 

Rhodizonate  of  Glucina,  —  By  evaporating  the  alcoholic  acid  with 
acetate  of  glucina,  a  garnet-red  powder  is  obtained,  which  dissolves  very 
readily  in  water  and  alcohol.  (Heller.) 

RJiodizonate  of  Alumina, — Prepared  in  a  similar  manner.  Red-brown 
powder  which  dissolves  very  readily  in  water  and  tdcohol.  (Heller.) 

Rhodizonate  of  Zirconia,  —  Obtained  by  dissolving  zircon  ia  in  the 
alcoholic  acid,  and  evaporating.  The  residue  has  a  deep  garnet-brown 
colour,  and  dissolves  easily  in  water  and  alcohol.  (Heller.) 

Rhodizonate  of  Titanium,  —  The  alcoholic  acid  colours  the  oxide  red, 
dissolves  it,  aud  then  leaves  a  red  salt  when  evaporated.  (Heller.) 
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The  aloobolio  add  fonns,  with  molybdate  of  ammoniA,  a  yellow 
precipitate  not  yet  further  examined.  (Heller.) 

Uranic  R1u>dizonate,  —  Tbe  alcoholic  acid  precipitates  from  uranic 
nitrate,  a  light  blood-red  powder  eabily  soluble  in  water  and  alcohol.  [11 
(Heller.) 

Rhodkonate  of  Manganese,  —  The  alcoholic  acid  forms,  with  acetate 
of  manganese,  a  dark  red  precipitate  which  increases  on  boiling,  and 
dissolves  with  yellow  colour  in  water  and  aloohoL  (Heller.) 

Rhodkonate  of  Tellurium,  —  The  solution  of  telluric  oxide  in  the 
flJooholic  acid  leaves  a  red  salt  when  evaporated. 

RhodkonaU  of  Bismvih,  ^-  The  potash-salt  dissolved  in  a  small  quan- 
tity of  water  forms,  with  nitrate  of  bismuth,  a  pale-red  precipitate  which 
quickly  loses  colour;  the  alcoholic  acid  forms  a  yellow  precipitate  which 
contains  croconic  acid,  and,  if  left  in  the  liquid,  gradually  turns  white. 
(Heller.) 

Rhodizcnate  of  Zinc,  —  The  alcoholic  acid  colours  zinc-oxide  red,  and 
then  dissolves  it  with  yellow  colour;  with  acetate  of  zinc,  it  forms  a  dark 
Ted  precipitate,  soluble  in  water  and  alcohol.  (Heller.) 

JStannoits  RhodkonaU,  —  The  potash-salt  forms,  with  protochloride  of 
tin,  a  carmine-red  precipitate  which  afterwards  becomes  darker;  it  dis- 
solves sparingly  in  water  and  is  insoluble  in  alcohol,  —  The  Stannic  mU 
is  darker.  (Heller.) 

RhodnontUe  of  Lead,  —  The  alcoholic  acid  forms  a  deep  red-brown 
precipitate  with  acetate  and  nitrate  of  lead.  The  dark  carmine-red  pre- 
cipitate obtained  on  adding  tbe  potash-salt  to  an  acidulated  solution  of 
acetate  of  lead,  assumes,  when  left  for  some  time  in  the  liquid,  a  red- 
brown,  and  afterwards  a  black- brown  colour;  it  does  not  dissolve  in 
water  or  alcohol.  (Heller.)  The  aqueous  acid  forms,  with  acetate  of 
lead,  a  deep  violet  precipitate  which  has  a  splendid  metallic  lustre;  it  is 
easily  decomposed  by  sulphuric  acid  while  moist,  and  by  sulphuretted 
hydrogen,  even  after  drying.  (Werner.)  The  precipitate  formed  by 
the  potash-salt  with  excess  of  neutral  acetate  of  lead,  is  dark  red,  and 
leaves,  when  ignited  in  an  open  dish,  a  mixture  of  lead-oxide  and  metallic 
lead.  (Thaulow,  Ann,  JPharm,  27, 1.) 

Heller. 

3  PbO 336     ....     85«28     85-00 

3C... 18     ....       4-57     4-67 

6  O :....      40     ....     10-15     10*33 

394     ....  100-00     10000 

Thaulow. 
3  PbO -....> 336     ....    77-42    77*20 

7  C  42     ....      &*68     9-87 

7  O  56     ....     12-90     12*93 


434     ....  100-00     100-00 


Rhodisonate  of  Iron. — The  alcoholic  acid  forms,  with  ferrous  sul- 
phate, a  red-brown  precipitate  soluble  in  water  and  alcohol,  and  with 
ferric  salts,  a  brown  precipitate,  likewise  soluble  in  water,  and  therefore 
imparting  a  brown  colour  to  the  liiquid.  (Heller.) 


40  i  FURFBNE  :  NITROCHLORIMB-NUCLEUS  C^vxaH^ 

jRhodiaonate  of  Cobalt.  —  The  alcoholic  acid  added  to  nitrate  of  cobalt^ 
precipitates  a  small  portion  of  the  salt,  forming  a  carmine-red  precipitate 
solnhle  in  water,  while  the  greater  portion  remains  dissolyed  wiUi  red 
colour  in  the  alcoholic  liquid.  (Heller.) 

JRhodissonaU  of  Nickel.  —  Brown,  soluble  in  water  and  alcohoL 
(Heller.) 

Cupric  RhodizonaU,  —  The  alcoholic  acid  forms,  with  cnpric  salts,  a 
red-brown  precipitate  soluble  in  water;  from  concentrated  aqueouB  solu- 
tions, the  potash-salt  throws  down  the  same  precipitate.  (Heller.) 

Mercurmu  Rhoduonate,  —  The  alcoholic  acid  forms,  with  mercarooa 
nitrate,  a  scarlet  precipitate  which  soon  becomes  darker  in  colour;  and 
the  potash -salt  forms,  with  mercurous  nitrate  or  acetate,  a  dark  carmine- 
red  precipitate,  which,  when  immersed  in  the  liquid,  soon  turns  brown, 
and  ultimatelj  yellow.  The  precipitate  is  insoluble  in  water  and  aloohoL 
(Heller.) 

Mercuric  Ehodissonate,  —  The  red-brown  precipitate  which  the  potash- 
salt  forms  with  mercuric  salts  is  insoluble  in  water,  and  soon  tarns  yellow 
when  immersed  in  the  liquid.  (Heller.) 

Bhodizonate  of  Silver,  —  Nitrate  of  silver  forms,  with  the  aleohollo 
acid,  a  brownish  red  precipitate  which  quickly  blackens,  and  after 
drying,  exhibits  the  metallic  lustre;  and  with  the  potash-salt,  a  deep 
carmine -red  precipitate  which  dissolves  but  very  sparingly  in  water,  and 
soon  assumes  a  brown  colour,  changing  to  black  on  exposure  to  the  air. 
(Heller.^  The  aqueous  acid  likewise  precipitates  a  solution  of  nitrate  of 
silver.  (Werner.) 

The  alcoholic  acid  does  not  preoipitate  Bichloride  of  Platinum, 
(Heller.) 

Rhodizonic  acid  dissolves  readily  and  without  colouring  in  alooihol  and 
ether.  (Heller.)  The  concentrated  alcoholic  solution  is  red,  the  dilate 
yellow.  (Werner.) 


e.    yUrochlorine-nudeus  C**XC1H*. 

St.  Evre's  Acid. 

C"NC1HW  =  C^XCIHSO*! 

St.  £yre.  (1849.)  N.  Ann.  Chvm.  Fkys.  25,  493;  also«7^.pr.  Chem.  46, 45«. 

The  solution  of  chloroniceic  acid  in  fuming  nitric  acid,  deposits  on 
cooling,  crystals  of  nitrochloroniceic  acid;  and  the  mother-liquid  decanted 
therefrom,  yields,  on  evaporation,  long  white  needles  of  a  pecaliar  add, 
containing : 

St.  Btts. 

IOC    60-0    ....     33-82    33'77 

N  140    ....      7-89    814 

CI 35'4     ....     19-95    19-67 

4  H  4-0     ....       2-25     2-29 

8  O   64-0    ....    36-09    36-13 

C»^C1HW„.. 177-4     ....  10000    100-00 
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d.    Jmidogen-ntidew.    C*°AdH*0*l 

Pyromucamide. 

Malaqttti.  (1846.)  Compt  rend.  22^  856. 

[Malagnti  has  not  described  the  formation  and  preparation  of  this  compound ;  bnt 
it  is  probably  obtained  by  the  dry  distillation  of  monomucate  of  ammonia  aC^NH'O^.] 

Properties,  Rigbi-angled,  four-sided  prisms,  wbich  melt  between  130° 
and  182°,  and  haye  a  very  slightly  sweet  taste. 

Decompontions,  Heated  a  little  above  its  boiling  point,  it  acquires  a 
green  colour,  changing  as  the  temperature  rises,  to  blue,  and  afterwards 
to  violet,  and  then  yields  a  brown  distillate,  which  after  being  decolorised 
by  animal  charcoal,  again  exhibits  the  characters  of  pyromucamide. 

CombinaUons.    Dissolves  in  water,  alcohol,  and  ether.  (Malagnti.) 


e,    Amidogen-nucleiu,     C*®Ad*H'0*. 

Bipyromucamide. 

Malaguti.  (1846.)  C<mpt  rend.  22,  856. 
Pyromucamide  biamid4e. 

Formation  and  Prq>aration.  By  the  dry  distillation  of  dimucate  of 
ammonia  or  of  mucamide: 

2NH»,C»HWO"  =  C«WH«0«  +  2C0>  +  lOHO 
and 

CiSN^HisOi^  =  C«»N«HH)3  +  2CO»  +  6H0. 

The  snblimate  is  repeatedly  crystallised  from  water  to  free  it  from 
adhering  pyromucic  acid,  wnich  remains  in  the  mother-liquor. 

Properties.  Six-  and  eight-sided  lamin»,  which  melt  and  become 
coloured  at  175°,  and  have  a  very  sweet  taste. 

Decompositions.  1.  Heated  above  the  melting  point,  it  decomposes; 
and  at  250°  enters  into  a  kind  of  ebullition,  giving  off  carbonate  of 
ammonia,  besides  other  products.  —  2.  With  potaah-Iey,  it  gives  ofi 
ammonia  only  at  the  boiling  heat. 

Comnbinaiums.  It  dissolves  sparingly  in  cold  water,  more  readily  in 
alcohol  and  ether* 
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If.    Pyridinei   C^°NH». 

Anderson.     Ud.  Phil.  Trans.  20,  ii.  247;  PhU,  Mojg.    [4],  2,   257; 
Ann.  Pharm,  BO,  55;  Jahresber.  1851,  478. 

Formation.  By  the  destructive  distillation  of  asotised  organic  sab- 
stances;  being  found :  (a)  in  bone-oil  (Anderson);  (h)  among  the  products 
obtained  by  the  dry  distillation  of  the  bituminous  shale  of  Dorsetshire 
(C.  G.  Williams,  Pkil,  Mag.  [4]  8,  24);  (c^  among  the  volatile  bases 
obtained  by  the  destructive  distillation  of  cinchonine.  (C.  G.  Williams, 
£d.  Phil,  Trans.  21,  ii.  315.) 

Preparation.  The  more  volatile  oily  portion  of  rectified  bone-oil  is 
set  aside  for  some  days  with  dilute  sulphuric  acid,  and  frequently  shaken 
up;  and  the  strongly  acid  liquid  separated  from  the  oil,  is  kept  for  a  long 
time  in  a  state  of  ebullition  in  a  still,  whereupon  a  series  of  bases 
resembling  Runge's  pyrrol,  and  called  pyrrol-bases,  pass  over.  The  acid 
liquid  separated  from  these  bases  and  cooled,  is  then  distilled  with  excess 
of  slaked  lime,  and  the  oily  bases  which  pass  over  separated  from  the 
aqueous  solution  by  means  of  solid  hydrate  of  potash,  (comp.  p.  160)  and 
then  subjected  to  fractional  distillation.  The  fraction  obtained  between 
65°  and  100°  contains  propylamine  and  butylamine,  and  perhaps  also 
ethylamine,  amylamine,  and  caproamine.  The  portion  which  boils  above 
115°  contains  another  series  of  bases,  which  may  be  approximately  sepa- 
rated by  repeated  fractional  distillation,  the  receiver  being  changed  at 
every  55°.  The  portion  which  distils  over  at  about  115°  consists  chiefly 
of  pyridine.  (Anderson.) 

Properties.  Transparent,  colourless  liquid,  which  does  not  become 
coloured  by  exposure  to  the  air.  It  dissolves  in  all  proportions  in  water, 
and  readily  in  oils,  both  fixed  and  volatile.  Acids  dissolve  it  with 
great  rise  of  temperature,  and  form  easily  soluble  salts.  (Anderson.) 

Calculation. 

10  C  60  ....  75-95 

N  14  ....  17-72 

5  H  5  ....   6-33 

C^NH*  79    ....  106-00 

Homologous  with  picoline  (C^H^  and  belcMiging  to  a  series  of  bases  called  hy 
Anderson  Pieoline'boies,  whose  general  formula  is  C^KH*^. 

PlaJtinum-aaU.  —  On  mixing  the  solution  of  the  hydroohlorate  with 
bichloride  of  platinum,  the  double  salt  separates  in  flattened  prisms, 
which  are  easily  soluble  in  boiling  water,  less  soluble  in  alcohol,  and 
quite  insoluble  in  ether.  They  are  decomposed  by  boiling  with  water, 
with  separation  of  a  yellow  salt.  (vu2.  ittf.)  (Anderson.) 
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Anderson.  WQliams. 

a.  b,  e,  d. 

10  C 600    ....     21-03     ....     21-48     ....     2029 

N 14-0     ....       4-93 

6  H 6-0     ....       210     ....       2-30     ....       2-24 

SCI 106-2    ....     37-33 

Pt 99-0     ....     34-61     ....     34-30     ....     34'13     ....    34-71     ....    346 

Ci^NH',UCl,PtCP  285-2     ....  100-00 

The  salt  a  nialyKd  by  Anderson  was  in  the  recently  precipitated  state ;  b  had  bent 
bofled  with  water  till  a  tolerably  large  portion  remained  andissolTed.  —  Williams's  salt 
e  was  obtained  by  satorating  with  bydrochloric  add  the  portion  of  the  Tolatile  bases 
from  shale-naphtha  which  boiled  below  98**;  adding  bichloride  of  platinum;  diluting  the 
liqnid  till  the  precipitate  disappeared  ;  and  then  eraporating  over  oil  of  vitriol,  to  avoid 
the  decomposition  which  always  takes  place  when  the  solutions  of  these  platinum-salts 
are  heated.  Tlie  first  and  second  crops  of  crystals  thus  obtained  consisted  of  the 
platinum-sidt  of  Intidine  (C^^NH') ;  the  third  and  fourth  of  the  platinum-salt  of  picoline 
(CNH^)  ;  and  the  fifth  and  last  of  the  platinum -salt  of  pyridine.  The  crystals,  before 
ignition,  were  pulverised  and  washed  with  alcohol  and  ether  to  remove  a  resinous 
impurity.  —  d  was  obtained  in  a  similar  manner  from  the  mixture  of  Tolatile  bases 
prodnced  by  distilling  dnehonine  with  caustic  potash. 

Platinoptridinb.    C^NH'Pt  =  C»N  |  ^**  I  —When  obloroplati- 

nate  of  pyridine,  oarefallj  freed  from  excess  of  bichloride  of  platinum,  is 
dissolved  in  hot  water,  and  the  solution  boiled  for  sereral  days,  it  depo- 
sits a  sulphur-yellow  crystalline  powder,  which  is  the  bihydrocblorate  of 
platinopyridine : 

Ci»NH»,HCl.PtCl«  =  C»NH»Pt,2HCl  +  HCl. 

After  five  or  six  days*  boiling,  tbe  wbole  of  the  cbloroplatinate  is  trans- 
formed into  this  new  compound;  but  if  the  yellow  powder  be  separated 
before  the  decomposition  is  complete,  the  mother-liquor  deposits  on 
cooling  another  compound,  consisting  of  golden-yellow  laminiB,  resembling 
iodide  of  lead.  (yid.  inf.) 

The  hydrochlorate  of  platinopyridine  is  insoluble  in  water  and  in 
acids.  It  is  decomposed  by  potash,  with  separation  of  pyridine.  Plati- 
nopyridine cannot,  therefore,  be  obtained  in  the  free  state  by  treating 
the  hydrochlorate  with  alkalis;  but  on  mixing  the  solution  of  that  salt 
with  silverHsalts,  chloride  of  silver  is  precipitated,  and  salts  of  platino- 
pyridine are  obtained.  It  is  very  difficult  to  prepare  these  salts  in  a 
definite  state.  The  chrcmaie  is  however  obtained  by  adding  bichromate 
of  potash  to  sulphate  of  platinopyridine ,  in  the  form  of  an  orange-red 
precipitate,  containing  C>"NH»Pt,HO,CrO'. 

The  yellow  scales  obtained  by  stopping  the  ebullition  of  the  solution 
of  chloroplatinate  of  pyridine,  before  the  decomposition  is  complete, 
consist  of  a  compound  of  chloroplatinate  of  pyridine  with  hydrochlorate 
of  platinopyridine:  C"NH»,HCl,PtCl»  + C^«NH»Pt,2HCl.  (Anderson, 
N.  Ann.  Chim.  Fhy$.  44,  366.) 

Platosopyridine.  C^*N  {  p*  [  —  When  chloroplatinate  of  pyri- 
dine is  boiled  with  excess  of  pyridine,  the  liquid  becomes  strongly 
coloured;  and  on  evaporating  to  a  syrup  and  digestiuff  in  water,  a  dark- 
coloured  solution  is  obtained,  together  with  a  residue  very  sparingly 
•olnble  in  water.  This  residue  treated  with  boiling  alcohol  yields  a  solu- 
tion, which,  on  cooling,  deposits  small  needles  of  hydrochlorate  of 
plstosopyridine,  C^°NH^Pt,HCL  (Anderson.) 

«  pt«  «  i  Pt.  -  49-5. 
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T.    Ethylopyridine. 

Formed  by  the  action  of  iodide  of  eihjl  on  pyridine.  On  gentlj 
beating  the  mixture  of  the  two  liquids  an  action  ensues,  attended  wttn 
considerable  rise  of  temperature,  and  hydriodate  of  ethylopyridine  riaes 
to  the  surface  in  the  form  of  an  oily  layer,  which  crystallises  on  cooling. 
By  decomposing  this  salt  dissolved  in  water  with  moist  oxide  of  silver, 
the  base  C^*NH*0,  is  obtained,  in  the  form  of  a  colourless,  strongly 
alkaline,  aqueous  solution,  which  has  a  caustic  taste,  absorbs  carbonic 
acid  from  the  air,  and  exhibits,  for  the  most  part  with  metallic  saltan 
the  same  reactions  as  potash  or  soda. 

Hydriodate  of  Ethylopyridine^  crystallises  in  tables  having  a  silvery 
lustre,  easily  soluble  in  water,  and  somewhat  deliquescent;  they  like- 
wise dissolve  readily  in  alcohol  and  ether. 

Anderson. 
14  C  84     ....     35-90     36-17 

N 14     ....       5-98     5-70 

10  H  10     ....       4-27     4-59 

I    126     ....     53-85     53-54 

C"NH».HI  or  C"NHw  I  234     ....  10000     10000 

Chloro-aurate.  C"NH»^l,AuCP.  Yellow  tables,  sparingly  solnble 
in  cold  water,  and  decomposed  by  boiling  with  water. 

Chloroplatinafe,  Obtained  by  decomposing  the  hydriodate  with 
nitrate  of  silver;  precipitating  the  excess  of  silver  with  hydrochloric 
acid;  and  mixing  tlie  filtrate  with  a  concentrated  solution  of  bichloride  of 
platinum.  Garnet-red  rhombic  tables,  sparingly  soluble  in  cold  water, 
insoluble  in  a  mixture  of  alcohol  and  ether.  (Anderson.) 

Anderson. 

14  C   84-0     ....     26-82     26*33 

N 14-0     ....       4-47 

10  H  100    ....      319     2-92 

3  CI  106-2     ....     33-91 

Pt  99-0     ....     31-61     31-62 

C"NH>»Cl,PtCl«    313-2     ....  100-06  If. 


Stenhonse's  Alkaloid. 

Stenhousb.    Ann.  Fharm.  70,  200. 

Kidney  beans  are  subjected  to  dry  distillation  in  an  iron  cylinder,  at 
the  lowest  possible  heat;  the  distillate  supersaturated  with  hydrochloric 
acid;  the  water}'  liquid  decanted  from  the  tar,  which  is  then  exhausted 
several  times  with  water  containing  hydrochloric  acid;  the  hydrochlorio 
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acid  liquids  boiled  for  several  hours  to  volatilise  or  resinise  the  wood- 
spirit,    acetone    and    neutral,    and    acid    empyreumatio  oil;    and    the 
liquid  filtered  through  charcoal  powder,  supersaturated  in  a  large  distil- 
ling apparatus  with  lime  or  carbonate  of  soda,  and  distilled.     A  for^ 
watery  distillate  then  passes  over,  with  oily  alkaloids  floating  upon  it, 
which  increase  but  then  diminish  again,  so  that  at  last  nothing  passes 
over  but  an  aqueous  solution  of  these  oils,  which  must  be  coUected  apart 
as  a  tecand  distillate.  —  The  oil  is  removed  from  the  Jlrst  distillate,  and 
dissolved  in  hydrochloric  acid;  the  hydrochloric  acid  solution  separated 
from  the  neutral  oil  by  means  of  a  wet  filter;  the  filtrate  distilled  in  a 
large  retort  with  excess  of  carbonate  of  soda;  and  the  oily  alkaloid 
which  passes  over  separated  with  the  pipette  from  the  ammoniacal  liquid. 
The  iecond  distillate,  after  neutralisation  with  hydrochloric  acid,  is  then 
concentrated  at  a  gentle  heat,  (at  a  boiling  temperature  a  large  quantity 
of  the  alkaloid  would  be  resinised,)  distilled  with  carbonate  of  soda, 
and  the    oily  alkaloid  which  is  removed  from  the  distillate,  rectified 
several  times  with   water,  a  small   quantity  of  resin   then  remaining 
behind.     The  united  oily  alkaloids  from  the  Jirst  and  second  distillates 
are  repeatedly  shaken  up  with   strong  potash-solution  to  remove  the 
ammonia,  being  each  time  separated  from  the  ammoniacal  potash  ley,  till 
all  the  ammonia  is  expelled,  which  is  not  effected  without  loss;  they  ar* 
then  freed  from  water,  which  amounts  to  half  their  bulk,  by  repeated 
agitation  and  several  days*  standing  with  hydrate  of  potash,  till   that 
substance  no  longer  becomes  moist;  the  clear  oil  poured  off  and  carefully 
rectified;  and  the  last  third,  which  passes  over  no  longer  colourless  but 
yellowish,  collected  apart,  repeatedly  rectified,  till  it  also  becomes  colour- 
less, then  added  to  the  first  two-thirds,  and  slowly  rectified  in  a  retort 
provided  with  a  thermometer.     The  boiling  begins  at  108°;   a  small 
quantity  passes  over  between   108°  and  130  ;  a  large  quantity  between 
150°  and  165°;  and   the  last  between  165°  and  220°.     The  distillates 
thus  obtained  are  further  separated,  according  to  their  different  degrees 
of  volatility,  by  repeated  fractional  distillation. 

All  these  oily  alkaloids  agree  with  each  other  in  the  following 
respects :  They  are  transparent  and  colourless,  with  strong  refracting 
power;  lighter  than  water;  have  a  pungent,  slightly  aromatic  odour  and 
a  burning  taste;  redden  turmeric,  and  turn  reddened  litmus  blue;  and 
produce  fumes  with  hydrochloric  acid.  In  closed  vessels  they  do  not 
alter  in  the  dark,  but  on  exposure  to  light  they  become  yellow  and  less 
volatile.  When  boiled,  they  turn  brown,  and  are  resolved  into  a  colour- 
less distillate  and  a  dark-brown  resinous  residue.  When  passed  through 
a  red-hot  tube  filled  with  charcoal,  they  are  converted  into  ammonia. 
They  are  also  decomposed,  with  evolution  of  ammonia,  by  boiling  with 
potash-ley,  or  by  the  continued  boiling  of  their  aqueous  solutions.  By 
nitric  acid  they  are  converted  into  resins  of  a  deep  yellow  colour,  not 
into  picric  acid,  and  by  aqueous  chloride  of  lime  into  brown  resins 
without  exhibiting  the  reaction  of  aniline.  They  dissolve  in  water  with 
tolerable  fiicility,  the  more  volatile  more  readily  than  the  less.  They 
neutralise  acids,  and  their  salts  are  mostly  crystallisable;  but  those  of 
the  more  fixed  alkalis  are  contaminated  with  a  brown  resin  and  ciys- 
tallise  less  readily.  1  hey  precipitate  the  salts  of  iron  and  copper,  but 
the  copper-precipitate  dissolves  with  blue  colour  in  excess  of  the  alkalis. 
With  mercury,  gold,  and  platinum,  they  form  double  salts,  which  are 
about  as  soluble  as  the  corresponding  double  salts  of  ammonia. 

The  alkaloid  which  boils  between  150°  and  155°  forms  crystallisable 
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flJiswith  Bolplmricy  nitrie,  and  hydiooUoric  ftdd.  The  ks^JbvMoratt 
forma  eaaily  solable,  tianqMoeni  prisms.  The  pcid  dauhU  mU  dissolrtM 
iBadilj  in  water,  and  separates  in  light  yellow  needles  on  cooling.  The 
platinum  double  gaU  forms  four-sided  prisms  of  a  deep  jellow  coloar, 
which  dissoWe  in  water  with  tolerable  facility;  they  contain  34*09  pi  ei 
platinum.  (Stenhonse.) 

'^JliiOoU,  boUiuff  at  no'^^lbb'',  fln60«~165«,  a/ 170%    a#  200*— 210* 

10 C  60    ....     74  07    ....    74*60    ....    7408    ....    75-42    ....      75-63 

7  H 7    ....      8-64    ....      7-97     ....      8*06    ....      8-52    ^        8-73 

CWH'  81     ....  100-00 

[May  not  these  seTenlTolatile  oilt  be  mer^  tike  tame  alkaloid  In  different  degrees 
of  p«ilj  ?] 

The  same  or  similar  alkaloids  are  obtained  by  dry  distillation,  at  the 
gentlest  possible  heat,  of  bones,  wheat,  linseed-oil  cake,  coal,  peat,  and 
the  entire  plant  of  Pteris  itquilina,  whereas  wood  yields  only  a. trace. 
(Stenhouse.) 

Kidney-beans  or  linseed-oil  cake  distilled  with  strong  soda-ley,  like* 
wise  eTolve,  together  with  ammonia,  a  tolerably  large  quantity  of  a 
similar  alkalofd,  which  may  be  obtained  by  rectifying  the  distillate, 
neutralising  with  hydrochloric  acid,  filtering  from  the  nential  oil,  &a; 
ox-liver  similarly  treated  yields  but  a  small  quantity.  (Stenhouse.) 

Similar  alkaloids  are  likewise  obtained  by  digesting  kidney-beans 
with  a  mixture  of  1  pt.  oil  of  yitriol  and  3  to  4  pts.  water,  the  nroceas 
bonff  stopped  before  sulphurous  acid  begins  to  escape.  (Stenhouse.) 

In  the  dry  distillation  of  Semen  Lycopodii,  an  oily  alkaloid  of  peculiar 
and  Tory  pungent  odour  passes  over  first,  then  an  alkaloid  resembling  thai 
obtainea  from  kidney-beans.  If,  on  the  other  band,  the  Ijcopodium  be 
first  boiled  to  dryness  with  strong  soda-ley  and  then  distilled,  only  the 
former  alkaloid  is  obtained,  together  with  a  large  quantity  of  ammonia. 

Lastly,  similar  alkaloids  may  be  formed  by  the  putrefiMstion  of 
asotised  compounds.  Horse-flesh  which  had  been  repeatedly  boiled  with 
water  for  a  difierent  purpose,  on  being  left  to  putrefy,  and  then  exhausted 
with  water  containing  hydrochloric  acid,  yielded  a  hydrochlorate  of  an 
alkaloid  and  sal-ammoniac.  By  concentrating  the  liquid,  distilling  with 
carbonate  of  ammonia,  and  repeatedly  rectifying  the  distillate  over 
hydrate  of  soda^  a  light,  colourless,  oily  mixture  of  alkaloids  was 
obtained,  having  a  rather  agreeable  aromatic  odour,  easily  soluble  in 
water,  and  capable  of  neutralising  acids;  the  Quantity  was  however  much 
less  than  that  which  had  been  obtained  by  dry  distillation  of  the  flesh. 
(Stenhouse,  Ann.  PAoroi.  72,  86.) 
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LIKENE-SERIES. 


Primary  I^ueletu.     C"H'. 

The  illaminating  gas  obtained  on  the  large  scale  by  dry  distillation 
of  resin  and  a  small  qaantity  of  fixed  oil,  deposits  under  strong  pressure 
a  brown  oily  mixture  haying  the  odour  of  phosphuretted  hydrogen. 
This  oily  mixture  when  distilled,  leaves  a  sooty  matter,  bituminous  tar, 
and  a  small  quantity  of  naphthalin,  and  yields  a  nearly  colourless  distil- 
late, which,  when  dehydrated  over  chloride  of  calcium  and  repeatedly 
Subjected  to  fractional  distillation,  is  resolred  into  six  oils  of  various 
degrees  of  volatility  (boiling  from  28^  to  140^)  (Couerbe.)  After  the 
most  volatile,  which  boils  at  28^  [and  is  perhaps  amylene],  follows  the 
oil,  probably  belonging  to  this  place,  and  called  by  Couerbe,  Fentaearbure 
quadrihydrique. 

It  is  colourless,  of  sp.  gr.  0*709  at  14°,  boils  at  50°  [calculation, 
according  to  Gerhardt*s  law  (vii.  57),  gives  45°],  and  its  vapour- 
density  is  2*354.    (Couerbe,  Ann*  Chini,  Phyi,  69,  184;   J,  pr,  Chem* 

18,  165.) 

Couerbe.                              Vol«  Density. 

IOC 60     ....     88*24     88-14  C-v«po«r ....     10  ....     4-1600 

8  H 8     ....     11-76     11-59  H-gas   8  ....     05546 

C»H» 68     ....  100-00    99-73  Oil-vapour        2     ....    4-7146 

1     ....     2-3573 


Guajacene. 

DsTitLB.  (1843.)    Compt,  rend.  17,  1143;  19,  134. 
C.  VbLCKCL.    Ann.  Pharm,  89,  345. 

Qw^ol.    (Vmokd.) 

The  oily  mixture  of  guajacene,  pyroguaiacic  acid,  nacreous  laminae, 
and  certain  other  empyreumatio  products,  obtained  by  dry  distillation  of 
guajac  resin,  yields,  when  it  is  rectified,  and  only  the  most  volatile 
portion  collected,  guajacene,  which  appears  to  be  formed,  with  elimi- 
nation of  2  At.  carbonic  acid,  by  decomposition  of  the  guajacic  acid 
contained  in  the  resin.  (DeviUe.) 

Colourless  oil  (Deville);  yellow,  even  after  repeated  distillation. 
(Vblckel.)  Sp.  gr.  0*874  (Deville);  0*871  at  15°.  (Volckel.)  Boils  at 
118°  (Deville);  from  115°  to  120°  (Volckel);  giving  off  a  vapour  whoso 
density  is  2*92.  (Deville.)  Smells  like  bitter  almond  oil  (Deville), 
somewhat  also  like  the  yellow  oils  which  pass  over  in  the  distillation  of 
sugar  between  80°  and  120^  Its  taste  is  very  strong,  pungent,  and 
burning. 
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Cdcnlatioii,  ace.  to  Derflle. 

IOC 60    ....     71-42 

8H 8     ....       9-53 

2  0 16     ....     1905 


9C 
7H 
20 


Cale.  aoc  to  VSlckd. 

54       ••    70-13 

7     ....      9-10 

16    ....     20-77 


69-91 

9-40 

20*69 


C»H80*. 84 


100-00 


C-vaponr 
H.gM   .... 
O-gM    ..,. 


C»H'0»   ^     77     ....  100-00 

YoL  Denntj. 

10  ....  4-1600 

8  ....  0-5546 

1  ....  1-1093 


lOO'OO 


GoAJaoene-Tapour 2 

1 


5*8239 
2-9119 


[If  the  formula  C^HH)^  be  correct,  goajaoene  may  be  regarded  ai  the  aldide  of 
angelic  add  (Gerhardt,  Compt,  rend,  26,  226.)  —  Tdlckers  formali,  which  agreea 
better  with  the  analysis,  should  perhaps  be  doubled  to  make  the  number  of  carbon-atoms 

even.] 

Tbe  oil,  when  exposed  to  the  air,  is  converted  bj  oxidation  into 
beautiful  crystalline  laminsB.  (Deville.)  [Of  angelic  acid  9]  —  ^.  £ach 
time  that  it  is  distilled,  a  small  quantity  of  a  yellowish  brown  substance 
is  formed.  ^^  Nitric  acid  dissolves  it  with  violent  action,  and  water  added 
to  the  solotion  throws  down  a  yellow  resinous  body.  Strong  sulphuric 
acid  also  dissolves  it,  forming  a  solution  from  which  water  precipitates 
a  small  quantity  of  resinous  matter.  The  oil  absorbs  a  small  quantity  of 
hydrochloric  acid  gas,  and  acquires  thereby  a  darker  colour.  It  absorbs 
chlorine,  with  formation  of  a  heavy  yellow  oil.  When  shaken  up  with 
potash,  it  is  at  first  decolorised,  but  quickly  passes  through  successive 
shades  of  blue,  red,  and  brown,  and  is  ultimately  converted  into  a 
resinous  body  of  yellow,  brownish  yellow,  yellowish  brown,  or  red-brown 
colour,  according  to  the  strength  of  the  potash-ley.  The  red-biown 
substance  dissolves  in  water,  forming  a  solution  of  the  same  colour  from 
which  it  is  reprecipitated  by  water.    It  also  dissolves  in  alcohol.  (VblckeL) 

Guajacene  is  but  sparingly  soluble  in  footer,  but  dissolves  in  all  pro- 
portions in  alcohol  and  ether.  (Volckel.) 

Essential  Oil  of  Eoman  Camomile  (AnthemU  nohUis).  —  This  oil  is  a 
mixture  of  the  aldide  of  angelic  acid  C*®H*0'  [or  hydride  of  angelyl 
C^®H'0',H]  with  a  hydrocarbon,  C"H",  isomeric  with  oil  of  turpentine, 
and  a  small  quantity  of  angelic  acid.  It  is  greenish,  slightly  acid,  and 
has  a  pleasant  odour.  It  begins  to  boil  at  about  160°;  but  the  boiling 
point  gradually  rises  to  180  and  even  to  190°,  at  which  temperature 
two-thirds  of  the  oil  pass  over.  Towards  the  end  of  the  distillation,  the 
boiling  point  rises  to  210°,  but  this  rise  is  due  merely  to  the  presence  of 
a  resinous  impurity  and  of  a  less  volatile  oil;  for  the  first  and  last  por- 
tions of  the  distillate  exhibit  the  same  reactions  and  very  nearly  the 
same  boiling  point.  Three  portions  of  the  oil  collected  between  200° 
and  210°,  gave  by  analysis  : 


Gerhardt. 


Carbon 75*57 

Hydrogen 10*57 

Oxygen 13-86 


76-61 
10*66 
12-73 


7600 
10-78 
13*22 


100-00    ....  10000    ....  100-00 


The  oil  is  not  acted  upon  by  aqueous  potash;  but  when  gently 
heated  with  pulverised  hydrate  of  potasn,  it  is  entirely  conyerted^  widicnt 


ANG8LIC  ACID.  413 

eyolation  of  gas,  into  a  gelatiDons  mass  from  which  water  separates  the 
oil  in  its  original  state.  On  continning  the  heat,  however,  a  sudden  rise 
of  temperature  takes  place,  and  hydrogen  is  evolved;  and  if  the  externa] 
heat  be  then  removed,  the  action  goes  on  spontaneously  to  the  end;  the 
hydrocarbon  contained  in  the  oil  volatilises,  and  angelate  of  potash 
remains  behind : 

C»HH)»  +  HO,KO  =  CWH^KO*  +  2H. 

If  the  heating  be  still  further  continned,  hydrogen  is  more  abundantly 
evolved,  and  the  angelate  of  potash  is  converted  into  acetate  and  propio- 
nate of  potash  : 

eiOHSQ^  +  4H0  =  C*H*CM  +  C«H«CH  +  2H. 

(Gerhardt,  iV.  Ann,  Chim.  Phy»,  24, 96;  also  TraiU  de  Ohimie  organique^ 
2,  445;  Chiozza,  N.  Ann.  Chim.  Phys.  89,  435.) 

Oil  of  camomile  does  not  form  any  crystalline  compound  with  alkaline, 
bisulphites.  (Bertagnini.)  IT. 


AngeUc  Acid. 

Om^O^  =  C^oH»,0*. 

L.  A.  BucHNER.  (1843.)  Eeperl.  76,  161;  abstr.  Ann,  Pharm,  42,  226. 
H.  Meter  k  D.  Zenker.     Ann.  Pharm,  55,  307. 
Reinsch.    JoArb.  pr.  Pharm.  7,  79;  —  &  Hopf.  11,217;  —  &  Becker, 
16,  12. 

Angelieie  add,  SumhuloU'dure,  Angeliks'dure,  Acide  angilique. 

Sources  and  Formation.  In  the  root  of  Angelica  Archangeliea 
(Bnchner),  and  more  abundantly,  as  it  appears,  in  the  Sumbul  or  Moschus- 
root,  which  likewise  appears  to  belong  to  an  umbelliferous  plant. 
(Reinsch.)  The  less  volatile  portion  of  the  essential  oil  of  ArUhemis 
nolnlis  is  converted  by  boiling  with  alcoholic  potash  into  angelate  and 
valerate  of  potash.  (Gerhardt,  J^.  Ann.  Chim.  Phys.  24,  96.)  —  If.  The 
•apposed  valerianic  acid  obtained  by  decomposing  this  potash-salt  with  sulphuric  acid, 
was  probably  nothing  but  angelic  acid,  rendered  uncrystallisable  by  the  presence  of 
certain  products  of  its  decomposition,  viz.,  acetic  and  propionic  acid;  in  fact,  the 
ang^lates  and  the  valerates  exhibit  nearly  the  same  composition  per  cent.  (Gerhardt, 
TraUi  de  CMmie  wrganique,  2,  450.)  The  oil  is  also  converted  into  angelate 
of  potash  when  gently  heated  with  pulverised  hydrate  of  potash. 
(Chiozza,  vid.  sup.)  •—  2.  Peucedanin  treated  with  alcoholic  potash,  is  con- 
verted into  angelic  acid  and  oreosilin  (Wagner  J.  pr.  Cltem.  62,  275): 

C«H«0«  +  K0,H0  -  CWH'KO*  +  C"HH)<        \. 

Peucedanin  Angelate  of      Oreoseiin 

potash 

Preparation,  a.  From  AngeUcOrroot.  1.  The  root  is  exhausted  with 
alcohol;  the  filtrate  evaporated  to  a  small  bulk;  the  residual  angelica- 
balsam  freed  from  the  subjacent  layer  of  extract,  which  has  the  consistence 
of  honey;  then  washed  with  water,  and  digested  with  aqueous  potash;  the 
filtrate  evaporated;  the  mass  redissolved  in  water;  the  liquid  filtered  to 
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sepante  a  waxj  snlistaiioej  the  filtrate  then  set  aside  as  long  at  needlai 
of  angelicin  eontinae  to  separate  from  it;  Uie  liquid  separated  therefrom 
and  contain  ing  angelate  of  potash,  distilled  with  dilote  salpharic  aeid;  and 
the  distillate^  consisting  partly  of  aqueous  acid,  partly  of  oil  j  drops  of  the 
pure  acid  saturated  with  potash,  evaporated  and  distilled  with  strong 
phosphoric  acid:  pure  angelic  acid  then  passes  over  in  the  form  of  an  oiL 
(Buchner.)  The  liquid  ohtained  hy  hoiling  the  halsam  with  dilute  potash 
may  also  he  supersaturated  when  cold  with  dilute  sulphmie  acid,  decaated 
from  the  precipitated  resin,  and  distilled;  and  the  distillate,  which  smells 
of  valerianic  acid,  redistilled;  the  turhid  distillate  then  deposits  erystala 
of  angelic  acid,  surmounted  hy  an  oily  Uyer  of  valerianic  acid.  (Meyer  & 
Zenner.)  —  2.  Fifty  pounds  of  the  dry  toot  are  hoiled  with  4  pounds  of 
lime  and  with  water;  the  liquid  strained  hy  pressure  through  linen;  the 
hrown  solution  evaporated,  and  distilled  in  a  copper  still  with  exeess  of 
dilute  sulphuric  acid;  the  turbid  and  acid  distillate,  which  is  covered  with 
a  ncDtral  oil,  and  smells  like  fennel,  supersaturated  with  potadi  and 
evaporated,  whereby  the  fennel  odour,  which  proceeds  from  neutral  oil,  is 
destroyed;  the  brown  residue  again  distilled  with  sulphuric  acid  in  the 
copper  still,  with  a  condensing  tube  not  kept  too  oold;  the  residue 
repeatedly  mixed  with  small  quantities  of  water  and  redistilled;  and  the 
turbid  distillate,  containing  a  large  quantity  of  oily  drops,  set  aside  for 
several  days  in  the  cold,  as  long  as  angelic  acid  continues  to  separate  from 
it  in  needles  and  prisms,  while  valerianic  and  acetic  acid  remain  dissolved 
in  the  water.  The  crystals  are  then  washed  with  a  small  quantity  of 
water,  and  repeatedly  crystallised  to  free  them  from  the  still  adhering 
valerianic  acid,  which  remains  in  the  mother-liquor,  together  with  a  smiJl 
quantity  of  angelic  acid.  100  pts.  of  the  root  thus  treated,  yield  from 
0*25  to  0*36  pt.  of  pure  angelic  acid.  (Meyer  &  Zenner.) 

h.  From  Sumhulroot,  —  Sumbnl-halsam  obtained  by  exhausting  the 
root  with  alcohol  and  evaporating  the  filtrate,  is  boiled  with  concen- 
trated potash,  whereupon  a  volatile  oil  evaporates;  the  brown-red 
alkaline  filtrate  mixed  with  sulphuric  acid,  which  separates  a  dark  hrown 
oil;  and  this  oil  distilled  with  water,  which  is  added  at  intervals  as  the 
distillation  goes  on,  as  long  as  it  passes  over  turbid,  and  mixed  with 
drops  of  oil.  (Sombulamic  acid  remains  in  the  retort).  The  oily-watery 
distillate  set  aside  in  the  cold,  deposits  angelic  acid  (amounting  to  3*5  per 
cent,  of  the  root)  in  transparent  colourless  needles,  while  a  small  quantify 
of  valerianic  acid  remains  in  solution.  The  crystallised  acid  is  purified 
by  twice  saturating  it  with  carbonate  of  soda,  and  distilling  with  snl- 
phuric  acid,  then  by  distilling  it  per  se,  and  finally,  by  keeping  it  for  a 
long  time  in  a  state  of  ebnllition.  (Reinsch.)  If  the  add  has  not  been 
completely  freed  by  sufficient  distillation  from  the  sumbulamic  acid  like- 
wise occurring  in  the  sumbnl-root,  the  alcoholic  solution  acquires  .a  fine 
blue  colour  wlien  mixed  with  sulphuric  acid;  whereas,  if  sumbulamic  is 
not  present,  the  solution  remains  colourless.  (Reinsch.)  —  c.  By  heating 
the  essential  oil  of  AnthemU  nobilis  with  hydrate  of  potash.  (Gerhardt, 
Chiozza,  p.  413.) 

Froperties,  Large,  long,  transparent,  oolourlessjprisms  and  needles. 
(Meyer  Sc  Zenner,  Reinsch).  Melts  at  45°  (Meyer  &  Zenner),  between 
43^  and  45°  (Reinsch^,  to  a  transparent  oil  which  fioats  on  water,  and  at  a 
few  degrees  above  0  ,  solidifies  in  a  radiated  mass  of  needles.  (Buchner.) 
Boils  at  190°  (191°  according  to  Reinsch),  and  may  be  distilled  without 


ANGBUG  ACID«  415 

decom|K»ition.  (Mejer  &  Zenner.)  Has  a  pecoliar  aronmtie  odour  (Meyer 
&  Zenner);  a  pungent  odour  like  that  of  valerian io  and  glacial  acetic  acid. 
(Reinsch^  Buchner.)  Tastes  Tery  sour  and  at  the  same  time  burning  and 
aromatic  (Buchner,  Reinsch),  and  when  placed  on  the  tongue,  produces  a 
white  spot  which  soon  disappears.  (Reinsch.)     Reddens  litmus. 

a.  b.  e. 

IOC 60    ....     60    59-42  ....  59-79  ....  69-69 

8H 8     ....       8    8-04  .^.  803  ....  7-98 

4  0 32     ....     32     32*54  ....  32-18  ....  32-33 

C»H80<   100     ....  100     lOO'Oa     ....  lOO-OO    ....  10000 


a  n  the  add  from  angelics-root ;  Atbatfrom  sambuUroot;  e  ti^  obtained  by 
fusing  the  oil  of  Roman  camomile  with  hjdrate  of  potash. 

Deeompositions.  1.  The  acid  burni^  when  set  on  fire,  witb  a  bright 
and  somewhat  smoky  flame.  —  2.  The  potash-salt  fused  with  excess  of 
potash  is  resolved  into  acetate  and  propionate  of  potash^  with  erolatkm 
of  hydrogen  (Chiozza^  p.  413). 

CombiTuttioTiB.  Angelic  acid  dissolves  sparingly  in  4Sold,  abundantly 
in  hot  water,  whence  it  separates  in  needles  on  cooling.  (Meyer  & 
Zenner.) 

Angelic  acid  decomposes  the  alkaline  carbonates.  The  Angelates  give 
off  part  of  their  acid  when  their  aqueous  solutions  are  evaporated. 
(Meyer  &  Zenner.) 

Angelate  of  Ammonia,  —  Soluble  in  water  and  alcohol  (Meyer);  the 
solution  smells  like  sajQlron.  (Reinsch.) 

Angdate  of  PoUuk,  —  Soluble  in  water  and  alcohol,  (Reinsch.) 

Angelate  of  Soda.  —  Soluble  in  water  and  alcohol.  (Meyer.)  The 
concentrated  solution  mixed  with  alcohol  yields  deliquescent  crystals. 
(Reinsch.) 

Angdate  <>f  Zm^.—^  Shining  laminae,  which  dissolve  very  easily  in 
water,  and  give  off  12*1  p.  c.  water  at  100^  (Meyer  &  Zenner.) 

Crystab,  Meyer  &.  Zenner. 

CaO    28  ....  20-44  ...".....     20-56 

C»H'0» 91  ....  66-42 

2  HO 18  ....  13-14  12-10 

C»H7CaO*,2Aq 137     ....    lOO'OO 

Angelate  of  Lead.  —  Alkaline  angelates  form,  with  lead-salts,  a  white 
precipitate  soluble  in  a  large  quantity  of  water.  (Buchner.)  The  pre- 
cipitate likewise  dissolves  on  heating  the  mixture,  and  then  separates  in 
nodules  on  cooling.  (Reinsch.)  The  solution  of  lead-oxide  in  excess  of 
the  aqueous  acid,  yields,  when  evaporated  by  beat,  beautiful  crystals  of 
the  neutral  salt.  The  salt  is  very  much  inclined  to  give  up  a  portion 
of  its  acid,  and  pass  into  the  condition  of  a  basic  salt,  which  crystallises 
in  laminfB.  The  neutral  salt  cakes  together  when  heated,  and  gradually 
melts  into  a  semi-transparent  mass,  while  part  of  the  acid  volatilises. 
(Meyer  &  Zenner.) 
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Neutral  eryttaU  dried  cold  in  vaemo,  Meyer  &  Zeaner. 

PbO 112     ....     55-17  54-95 

10  C  60     ....     29-55  29-37 

7  H 7     ....       3-44  3-66 

3  O 24     ....     11  84  12-02 

C">H7PbO* 203     ....  100-00     10000 

The  alkaline  angelates  form,  with  Ferric  taJUs,  a  flesh-coloared  pre- 
cipitate insoluble  in  water  (Buchner,  Meyer),  a  yellowish  brown  pre- 
cipitate (Reinsch);  with  Cupric  mlU,  a  bluish  white  precipitate,  soluble 
in  a  large  quantity  of  water  (Bnchner);  and  with  MercttrouB  nitrate,  a 
white  precipitate,  which  soon  turns  grey  (Buchner),  and  redissolres. 
(Reinsch.)     They  do  not  precipitate  corrosive  sublimate. 

Angdate  of  Silver,  — >  Alkaline  angelates  precipitate  from  silver-solu- 
tion, a  white  salt  (crystalline  according  to  Reinsch),  which  dissolves  in  a 
large  quantity  of  water,  forming  a  solution  whence  silver  is  deposited, 
after  a  while,  in  the  form  of  a  black  powder.  (Buchner.)  The  somewhat 
acid  solution  of  silver-oxide  in  the  boiling  aqueous  acid,  yields  by  evapo- 
ration at  the  gentlest  possible  heat,  small  crystals  of  the  neutral  salt^ 
having  usually  a  greyish  white  colour,  and  soluble  in  water  and  alcohol — 
or  sometimes,  if  the  acid  volatilises  during  the  evaporation,  laminae  of  a 
basic  salt.  (Meyer  &  Zenner.) 

Neutral  eryetale,  dried  cold  in  vacuo,  Meyer  St,  Zenner. 

10  C GO      ...     28*99  29  08 

7H ^ 7     ....      3-38  3-54 

Ag    108     ....     5217  52-26 

4  0 32     ....     15-46  15-12 

C^^WAgO*    207    ....  100-00     10000 

Angelic  acid  dissolves  very  readily  in  alcohol  and  ether.  (Meyer  & 
Zenner,  Reinsch.) 

It  dissolves  easily  in  oU  of  turpentine  and  in  Jlxed  oils.  (Meyer  A 
Zenner.) 


1.  Anhydrous  AngeUc  Acid.     C^^H^O*  or  ciw}^' 

CaiozzA.     JiT.  Ann.  Chim,  Phys.  39,  210;  Compt  rend,  36,  630;  Ann. 
Fhai^.  86,  260. 

Obtained  by  the  action  of  oxychloride  of  phosphorus  on  angelate  of 
potash.  The  viscid  oil  thus  produced  yields,  when  treated  with  dilute 
carbonate  of  soda  and  then  with  ether,  an  ethereal  solution,  which,  when 
evaporated,  leaves  the  anhydrous  acid. 

Perfectly  neutral,  limpid  oil,  heavier  than  water;  does  not  crystallise 
even  in  a  mixture  of  ice  and  salt;  has  a  peculiar  odour  differing  alto- 
gether from  that  of  the  hydrated  acid.  It  is  but  very  slowly  rendered 
acid  by  the  action  of  water;  but  strong  alkaline  solutions  dissolve  it 
readily  with  the  aid  of  heat. 

Chioiia. 

20  C 120     ....     65-93    65-92 

14  H 14     ....       7-70     7-88 

6  O  48     ....     26-37     26*20 

C»H"0«    182     ....  100-00  100-00 
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Wben  distilled,  it  begins  to  boil  at  240°;  but  the  temperature  soon 
rises  to  250^,  where  it  remains  nearly  stationary.  Towards  the  end  of 
the  distillation,  the  liquid  emits  a  penetrating  odour,  like  that  of  citruconio 
acid;  becomes  continually  darker  in  colour;  and  ultimately  leaves  a 
carbonaceous  residue.  The  distillate  contains  hydrated  angelic  acid, 
part  of  which  condenses  in  needles  in  the  neck  of  the  retort;  also  a 
neutral  oil,  having  an  odour  like  that  of  peppermint.  The  anhydrous 
acid,  heated  with  a  small  piece  of  hydrate  of  potash,  becomes  strongly 
acid,  and  gives  off  vapours  of  the  hydrated  acid.  —  Aqueous  ammonia 
first  converts  it  into  a  buttery  mass,  and  then  dissolves  it.  —  In  contact 
with  aniline,  it  becomes  strongly  heated,  and,  after  a  while,  deposits 
crystals  of  angelauilide.  (Chiozza.) 


Conjugated  Compound, 

Angelic  Ether* 

When  angelate  of  soda  is  distilled  with  a  mixture  of  1  pt.  of  oil  of 
vitriol  and  2  pts.  of  94  per  cent,  alcohol,  angelic  ether  passes  over  in 
oily  strioe,  which  may  be  separated  by  water  and  common  salt. 

It  is  colourless,  smells  like  sour  apples,  and  when  inhaled  excites 
coughing  and  violent  head-ache;  its  taste  is  sweetish,  burning,  and 
aromatic.     It  bums  with  a  bluish  flame.  (Reinsch  &  Ricker.) 


Secondary  Nuclei. 
a.     Oxygen^ueleus.    C"H«0*. 

Citraconic  Acid. 

C"H«0«  =  C>*H»0»,0«. 

Lassaione.  (1822.)     Ann,  Chim.  Phys.  21,  100;  also  J.  Phann,  8,  490; 

also  Schw.  36,  428;  also  N,  Tr,  7,  2,  HI. 
Dumab.     Ann,  Chim.  Phys,  52,  295;  also  Sckw.  68,  331;  also  Pogg, 

29,  37;  also  Ann.  Pkarm.  8,  17. 
RoBiQUET.     Ann,  Chim.  Phys.  65,  78. 
LiBBiG.     Ann.  Pharm.  26,  119,  and  152. 
CKASbO.     Ann.  Phai'ni.  «^4,  68. 
Enoelhardt.     Ann.  Pharm.  70,  246. 
Gottlieb.     Ann.  Pharm.  77,  265;    abstr.   Pharm.   Centr.  1851,  353; 

Compt.  chim.  1851,  113;  N.  J.  Pharm.  19,  476;  Ch^m.  Gaz.  1851, 

233;  Jahresber.  1851,  394. 

Pyroeiirie  acid,  Brenzcitroruaure,  Acide  pyrocitrigne,  Ac.  citribigue,  (Baiip.) 

Formation.     By  the  dry  distillation  of  citric  acid  (Lassaigne),  and  of 
lactic  acid.  (£ngelhardt.) 

Preparation.      Citric  acid   subjected  to    dry    distillation  yields    a 
watery  acid  liquid,  and  below  it  an  oily  liquid  [anhydrous  citraconic 

VOL.   X.  2   b 
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acid  with  a  small  qnantity  of  onipyreunmtio  oil].  The  former  is  to  be 
immediately  saturated  with  lime.  The  oil  is  repeatedly  shaken  op  with 
water,  which  then  takes  up  an  additional  quantity  of  citraconic  acid, 
and  leaves  a  brown  pitchy  mass,  having  a  very  decided  empyrearoatie 
odour.  The  aqueous  acid  obtained  in  this  manner  from  the  oily  liquid,  is 
also  saturated  with  lime,  and  the  solution  either  freed  from  lime  by  pre- 
fipitation  with  oxalic  acid,  and  afterwards  filtered  and  evaporated;  or 
the  liquid  mixed  with  acetate  of  lead,  whereby  citraoonate  of  lead  is 
precipitated,  and  this  precipitate  decomposed  by  sulphuretted  hydrogen. 
(Lassaigne.)  —  Dumas  dilutes  with  water  the  distillate  obtained  by  diy 
distillation  of  citric  acid,  neutralises  with  carbonate  of  soda,  and  preci- 
pitates with  acetate  of  lead.  —  Crasso  purifies  by  rectification  the  oily 
distillate  obtained  by  dry  distillation  of  citric  acid  [citraconic  anhy- 
dride], and  converts  it  by  exposure  to  moist  air  into  the  crystallised  acid, 
which  may  be  freed  from  the  excess  of  water  which  it  has  absorbed,  by 
pressure  between  paper  and  drying  at  .50°. 

2.  To  obtain  the  small  quantity  of  citraconic  acid  in  the  liquid 
obtained  by  dry  distillation  of  lactic  acid,  and  consisting  chiefly  of 
lactide,  lactic  acid,  and  aldehyde^  this  distillate  is  freed  from  aldehyde 
by  heating  it  to  100'^;  the  residue,  which  solidifies  to  a  crystalline  magma 
on  cooling,  washed  with  absolute  alcohol,  which  leaves  the  lactide-crystals 
undissolved;  the  alcoholic  filtrate  distilled,  whereupon  the  lactic  acid 
remains  behind;  the  portion  which  distils  over  at  220°,  neutralized  with 
carbonate  of  baryta;  and  the  baryta-salt,  which  separates  from  the  alco- 
holic liquid  as  a  crystalline  magma,  purified  by  recrystallisation  fix>m 
hot  water.  (Engelhardt.) 

Properties,  Colourless,  four-sided  prisms  belonging  to  the  right 
prismatic  system  (Crasso);  mass  composed  of  interlacing  needles.  (Laa- 
saigne.)  Melts  at  80°.  (Crasso.)  Inodorous;  has  a  sour  and  slightly 
bitterish  taste,  and  reddens  litmus.  (Lassaigne.) 


10  c  

Cry8tal9. 

60 

6 

64 

....     4615     .. 
....       4-62     .. 
....     4028     .. 

Crasso. 

46-24 

4-60 

.....     4916 

Lassai^e. 
....     47-5 

6  H   

....       90 

8  O  

....     43-5 

CWH«0« .... 

130 

....  10000     .. 

10000 

...    1000 

Decompositions.  1.  The  acid  heated  in  a  retort  above  its  melting 
point,  evaporates,  and  passes  over,  first  as  water,  afterwards  as  citraconic 
anhydride,  without  leaving  any  residue.  (Crasso.) 

CioH«08  =  C8H*0«  +  2H0. 

2.  When  bromine  is  gradually  added  to  the  concentrated  solution  of 
neutral  citraconate  of  potash  in  water,  carbonic  acid  gas  is  evolved  with 
efiervescence,  the  liquid  becomes  turbid,  and  deposits  a  yellow  oil,  the 
quantity  of  which  is  about  equal  to  that  of  the  decomposed  citraconic 
acid.  This  oil  is  a  mixture  of  1  pt.  tribromopropylaldide  (ix.  428),  and 
5  pts.  bibromobutyric  acid  (p  136)  (Cahours): 

2CWH^K208  +  2HO  +  lOBr  =  6CO«  +  C8Bi^H«0*  +  C8Br»H80«  +  HBr  +  4KBr. 

[Aacor«lmg  to  this,  however,  the  quantity  of  tribromopropylaldide  should  exoeed 
that  of  the  bibromobutyric  acid.]  —  If  the  solution  of  the  citraconate  of  pot- 
ash contains  excess  of  potash,  the  bromine  likewise  separates  an  oily 
mixture,  with  copious  evolution  of  carbonic  acid;  but  the  acid  extracted 
therefrom  by  alkalis  is  bromopropionic  acid  (iz.  428)^  Imd  the  insoloUe 
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heavy  oil  is  richer  in  bromine  than  tribromopropylaldide.  (Cahours.) 
—  %.  3.  When  a  dilute  solution  of  citraconicacid  is  boiled  with  about  ^pt. 
of  dilate  nitric  acid,  a  quiet  action  takes  place,  attended  with  slow  evolution 
of  gas;  and  the  solution  left  to  cool  after  a  quarter  to  half  an  bourns  boiling, 
deposits  porcelain-like  crystalline  masses  of  mesaconic  acid  (p.  427). 
The  mother-liquor  yields  by  evaporation  a  small  additional  quantity  of 
mesaconic  acid,  and  lastly  oxalic  acid;  there  is  also  formed  a  yellow 
nitrocompound,  which  adheres  obstinately  to  the  mesaconic  acid,  and 
colours  it  yellow,  but  may  be  removed  oy  repeatedly  crystallising  the 
acid,  or  by  boiling  with  animal  charcoal.  (Gottlieb.)  —  When  a  satui-ated 
solution  of  citraconic  acid  is  gently  heated  with  nitric  acid  of  sp.  gr.  1  '47, 
a  violent  action  takes  place,  attended  with  the  formation  of  numerous 
products.  (Gottlieb.)  When  citraconic  acid  is  treated  with  strong  nitric 
acid,  there  is  formed,  among  other  products,  an  oily  substance  which,  on 
cooling,  solidifies  in  a  cnrstalline  mass.  On  boiling  this  mass  with  water, 
an  odour  of  mint  is  evolved,  and  the  liquid  acquires  a  sweet  taste.  By 
repeatedly  boiling  the  crystalline  mass  with  water,  and  then  treating  it 
with  hot  alcohol  of  88  per  cent.,  a  solution  is  obtained  which,  on  cooling, 
deposits  two  substances  of  different  degrees  of  solubility,  both  of  which 
are  colourless  nitrocompounds,  without  taste  or  smell.  The  more  soluble 
of  these  two  bodies  crystallises  from  alcohol,  in  white,  striated,  silky 
prisms;  from  ether  in  small  transparent,  highly  lustrous  crystals.  It 
dissolves  readily  in  hot  alcohol  of  88  p.  c,  in  170  parts  of  the  same  at 
10°,  and  in  10,000  pts.  of  water  at  10  .  In  boiling  water,  it  melts  into 
transparent  globules,  which,  on  cooling,  often  remain  soft  and  trans- 
parent, but  immediately  become  hard  and  opaque  on  being  touched.  This 
substance  solidiHes  after  fusion  to  a  laminated  crystalline  mass,  provided 
it  has  not  been  heated  too  long;  at  a  higher  temperature,  it  volatilizes 
completely,  emitting  an  odour  like  that  of  amyrin;  gives  off  nitrous 
fumes  when  heated  in  a  tube;  bums  with  flame  when  set  on  fire.  Dis- 
solves in  warm  oil  of  vitriol,  and  crystallises  out  for  the  most  part  again 
on  cooling. — The  less  soluble  substance  crystallises  from  alcohol  in  small, 
shining,  transparent  needles ;  also  from  ether  in  needles.  It  dissolves  at 
lO""  in  2200  pts.  of  88  p.  c.  alcohol,  in  1500  pts.  of  97  p.  c.  alcohol,  and 
in  24,000  pts.  of  water.  Does  not  melt  in  boiling  water,  but  dissolves 
to  a  certain  extent  in  that  liquid,  !^olidifies  in  shining  prisms,  even  ufter 
long-continued  fusion.  Sublimes  completely  in  small  shining  crystals, 
giving  off  a  peculiar  odour,  like  those  of  cumin  and  of  mint.  Dissolves 
also  in  oil  of  vitriol.  (Baup,  Ann.  Pharm.  81,  103.)  % 

Comhinations,  The  acid  dissolves  in  3  pts.  of  water  at  10**  (Las- 
saigne;  in  0*42  pt.  at  15°  (Baup);  it  deliquesces  in  the  air,  and  its  con- 
centrated solution  is  viscid  (Crasso). 

The  neutral  Citraconaim  or  Pyrocitraies  are  =  C"H*M*0^  and  the 
acid  salts  =  C»°H*MO^ 

CiTRACONATK  OF  Ammonia  — Acid.  —  Obtained  by  supersaturating 
ammonia  with  the  aqueous  acid.     Shining  crystalline  laminos.  (Crasso.) 

Crystah.  Crasso. 

IOC  60  ....  40-81  4101 

N 14  ....  9-53  916 

9U 9  ....  6-12  6-12 

8  0 64  ....  43-54  43*71 


C*"H6(Nn*)0«  147     ....  100-00     10000 

2e2 


420  LIKENB:  OXYGEN-NUCLEUS  C»H«0». 

CiTRACONATB  OP  PoTASH  — a.  BibaM  or  Neutral .  —  Carbonate  of 
potash  Deutralised  with  the  aqueous  acid,  dries  up  on  evaporation  to  a 
pulverulent  mass,  easily  soluble  in  water.  —  (Crasso.)  —  b.  Monohcutc  or 
Acid.  —  If  twice  as  much  acid  be  used  as  is  required  to  neutralise  the 
potash,  shining  lamins  are  obtained,  very  easily  soluble  in  water. 
(Crasso.)  —  Lassaigne  describes  a  potash-^ilt  which  erystallibes  in 
needles,  permanent  in  the  air,  and  soluble  in  4  pts.  of  water.  According 
to  Baup  {Ann.  Fkarm.  29,  169),  there  is  also  a  salt  containing  1  At« 
potash  with  2  At.  acid. 

CiTRACONATE  OF  SoDA.  —  The  bibasic  and  monobasic  salts  cannot  be 
obtained  in  the  crystalline  form,  but  dry  up  to  a  white  powder^  which 
dissolves  very  easily  in  water.  (Crasso.) 

CiTRAcoNATK  OF  Baryta.  —  a,  Neutrol.  —  The  acid  neutralised 
with  baryta^water,  deposits,  after  some  hours,  a  crystalline  powder, 
soluble  in  1.50  pts.  of  cold,  and  50  pts.  of  hot  water.  (Laasaigne.)  The 
concentrated  acid  saturated  at  a  boiling  heat  with  carbonate  of  baryta^ 
deposits  on  cooling  a  white  crystalline  powder,  sparingly  soluble  in  cold, 
readily  in  hot  water.  (Crasso.)  The  salt  obtained  by  dry  distillation  of 
lactic  acid  (p  418),  crystallises  on  cooling  in  beautifully  nacreous  lamins 
which  give  off  14*62  p.  c.  (5  At.)  water,  at  100°,  retaining  their  luatro, 
and  are  decomposed  only  at  a  strong  heat.  (Engelhardt.) 

Dried  at  100°.  Englehardt.  Crano.      Lassaigne. 

2  BaO  153-2     ....  5777  ...     57-67     57-21     ....     56-1 

10  C  600     ....  22-62  ...     22*69 

4H 4-0     ....  1-51  ....       1-86 

6  O    480     ....  18-10  ....     17-78 

C'^H^BaSO**    265-2     ....   10000     ....  100-00 

h.  Acid,  —  Crystallises  from  the  aqueous  solution  in  large  nodules, 
composed  of  delicate  needles  with  a  silky  lustre.  They  contain  37 '01 
p.c.  baryta,  do  not  give  off  anything  at  100°,  and  swell  up  before  burning. 
(Crasso.) 

CiTRACONATE  OP  Strontia. — a,  Ktuircl.  —  Obtained  by  saturating 
the  boiling  acid  with  carbonate  of  strontia.  Does  not  crystallise  dis- 
tinctly, and  effloresces  strongly  when  the  solution  is  evaporated.  —  h.  Mono- 
basic.  —  Large,  colourless,  shining  crystals,  which  give  off  26*19  p.  c, 
water  and  acid,  and  become  opaque  at  100°;  emit  a  distinct  odour  of  acid 
at  120°,  and  swell  up  at  a  stronger  heat.  (Crasso.) 

Cryiiali.  Crasfo. 

SrO 52  ....  260     26*1 

C'0H»O7 121  ....  60-5 

3  HO 27  ...  13-5 

CWH*Sr08  +  3.Vq 200     ....  1000 

CiTRACONATE  OF  LiME.  —  a.  Ncfutral,  —  Needles  united  in  arbo- 
rescent groups,  having  a  sharp  taste,  soluble  in  28  pts.  of  water,  containing 
in  the  air-dried  state  30  per  cent,  of  water,  and  in  the  anhydrous  state 
66  p.  c.  lime.  (Lpssaigne.)  The  acid  saturated  with  carbonate  of  lime 
dries  up  with  efflorescence  when  evaporated,  and  leaves  a  white  mass, 
very  soluble  in  water.  (Crasso.) 
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h.  Acid*  —  Distinct  crystals,  which  at  100°  give  off  6'6i  p.  c.  (1  At.) 
water,  and  crumble  to  a  white  powder;  at  120°,  give  off  in  all  15*54  p.  c. 
(3  At.)  water;  at  140°  give  off  also  a  small  quantity  of  acid;  afterwards 
turn  black,  swell  up  into  a  brownish  mass,  and  finally  burn  away. 
(Crasso.) 

Crystah.  Crasso. 

CaO    28  ....  15-91  16-21 

C»H»0* 121  ....  68-75 

3  HO 27  ....  15-34  1554 

CM>H*Ca08  +  3Aq 176     ....  100-00 

CiTRACONATE  OF  Maonesia.  —  The  solutiou  dries  up  on  evaporation 
to  a  translucent  mass,  exhibiting  a  radiated  structui-e  on  the  fractured 
surface,  and  very  soluble  in  water.  (Crasso.) 

Manoanoub  Citraconatb.  —  Opaque  viscid  mass.  (Crasso.) 

Stannous  Citraconate.  —  Alkaline  citraconates  form  a  white  pre- 
cipitate with  protochloride  of  tin.  (Crasso.) 

Citraconate  op  Lead.  —  a.  Qiuzdribdsic.  —  Obtained  by  precipi- 
tating subacetate  of  lead  with  bibasic  or  monobasic  citraconate  of  potash. 
White  crystalline  powder,  nearly  insoluble  in  water.  (Crasso.) 

Crasso. 

4  PbO    448     ...     80     79*48 

C»«H408 112     ....     20 

2  PbO,C»0H^Pb«O»  560     ....  100 

b,  Neutral. —  a.  Anhydrous.  —  1.  A  hot  aqueous  solution  of  bibasio 
citraconate  of  soda  is  precipitated  by  an  insufficient  quantity  of  nitrate  of 
lead;  and  the  sandy  precipitate,  as  it  is  somewhat  soluble,  washed  with 
not  too  large  a  quantity  of  cold  water.  (Dumas.)  —  2.  The  aqueous  acid, 
mixed  with  a  small  quantity  of  ammonia,  is  precipitated  with  neutral 
acetate  of  lead,  and^the  mixture  heated  to  the  boiling  point,  whereby  the 
smaller  portion  of  the  bulky  precipitate  is  dissolved,  and  the  greater  per-* 
tion  converted  into  a  crystalline  powder,  which  is  thrown  boiling  hot  on 
the  filter,  and  washed  with  boiling  water.  It  gives  off  nothing  at  J 00°^ 
but  blackens  at  a  stronger  heat,  and  then  bums  away  quietly.  (Crasso.) 


2  PbO   .... 

10  C    

Anhydrous, 

224 

60 

66'67 
....     17-86     .... 

1*19 
....     14-28     ... 

Dumas. 

66-46     .... 

18-21 

....       1-22 
14-11 

Crasso. 
66-60 

Laasaigue. 
....     66-60 

4  H    

4 

6  O    

48 

C»H*Pb»ua 

336 

....  100-00     ... 

10000 

Dumas  dried  the  salt  in  vacuo  at  180*. 

p,  Bi'hydrated,  —  1.  The  liquid  filtered  at  a  boiling  heat  from  the 
anhydrous  salt  (vid.  gup,),  deposits  on  cooling  a  bulky  white  powder, 
which  does  not  exhibit  any  crystalline  structure  when  dry,  swells  up 
when  heated,  and  dissolves  sparingly  in  cohl,  but  very  readily  iu  hot 
water.  (Crasso.) 

7.  Tetnhhydrated,  —  Obtained  by  precipitating  a  cold  solution  of 
neutral  acetate  of  lead  with  bibasic  ci"ti-ac<^nate  of  potash.     White,  trans* 
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lucent,  gelattnoud  mass,  which  shrinks  together  in  drying,  and  Ihen 
contains  8  p.  c.  water.  (Lassaigne.)  Similarly  with  a  cold  solution  of 
bibnsic  citraconate  of  ammonia.  The  jelly,  when  exposed  to  the  air,  dries 
up  to  a  pale  yellow  gum,  which  at  100°  becomes  opaque,  and  gives  off 
9*27  p.  c.  water,  and  when  further  heated,  bums  away  with  intumescence.* 
When  the  gelatinous  precipitate  is  boiled  with  the  liquid,  it  dissolves 
completely,  but  after  a  few  seconds  deposits  the  anhydrous  salt,  in  the 
form  of  a  crystalline  powder^  which  does  not  redissolve  by  longer  boiling. 

(Crasso.) 

Bihydrated.  Cra580. 

2  PbO 224     ....     63-28     ....     63-68 

CWH*0«    112     ....     31-64 

2  HO  18     ....       5-08 

Ci0H4pb«O«  +  2Aq 354     ...   100  00 

Tetrahydrated,  Cras.so. 

2  PbO  224  ....  60-22  59-66 

CWH*0«    112  ....  3011 

4H0 36  ....  9'67  9-27 

CWH<Pb«08  +  4  Aq 372     ....  10000 

c.  Acid.  —  The  solution  of  the  bibasic  salt  in  a  large  excess  of  the 
aqueous  acid  deposits  small  pale  yellow  crystals  (Dumas);  beautiful, 
loosely  aggregated  crystalline  geodes,  having  a  silvery  lustre.  (Gottlieb.) 

Dried  in  vacuo  at  140". 

PbO 112     .... 

IOC 60    .... 

5  H 5     .... 

7  0 56     .... 


Dumas. 

Gottlieb. 

48-07     ... 

47-89 

....     48-04 

25-75     ... 

25-85 

215     .. 

2-24 

24-03     .. 

24-02 

Ci0H*PbO8  233     ....  10000     10000 

Gottlieb's  salt  was  dried  at  100«. 

Hydrated  Sesquiaxide  of  Iron  dissolves  very  slowly  in  the  aqueous 
acid. 

The  bibasic  Cobalt-aalt  is  red  and  crystallo-grannlar. 

The  bibasic  Nickd-eAlt  is  a  green  gum,  and  the  monobasic  salt  forms 
green  crystalline  crusts.  (Crasso.) 

The  acid  forms  a  precipitate  with  merourous  nitrate.  (Lassaigne.) 

Citraconate  op  Silver.  —  a.  Neutral.  —  The  aqueous  acid  forms, 
with  nitrate  of  silver,  on  the  addition  of  a  small  quantity  of  ammonia,  a 
bulky  precipitate,  whioh  dissolves  very  readily  in  hot  water,  and  separates 
out  on  cooling,  in  long,  slender,  shining  needles.  These  crystals  give  off 
nothing  at  100°,  and  burn  with  slight  detonation  at  a  stronger  heat. 
The  mother-liquor  from  which  this  anhydrous  salt  has  crystallized, 
yields  by  slow  evaporation,  transparent,  colourless,  irregular  six-sided 
prisms,  which  have  an  adamantine  lustre,  become  opaque  at  100**,  with 
loss  of  4-1  p.  o.  water,  and  when  further  heated,  burn  away  with  projeo* 
tion  of  silver.  (Crasso.)  The  salt  may  be  set  on  fire  with  a  glowing  slip 
of  wood,  bums  with  bright  flame,  and  leaves  shining  silver.  (Liebig.) 
The  solution  of  the  silver-salt  in  ammonia  dries  up  in  vacuo  over  oil 
of  vitriol  to  a  transparent,  somewhat  viscid  mass,  which  dissolves  readily 
in  water. 


■ 
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2AgO 

IOC    ... 

4  H   ... 

6  0   .. 


Anhydrous  cryttaU. 

232     .... 

60     .... 

4     .... 

48     .... 


er 


I/-44 
17-44 

117 
13-95 


Liebtg^. 
67-22 


Crasso. 

66-70 

lG-99 

1-47 

14-84 


Gottlieb. 
66-56 


Ci0H^Ag=O» 344 


100-30 


Hydrated  crystals. 

2  AgO 232 

C^^II+O*    112 

2  HO   18 


100-00 

Crasso. 

64-09     6302 

30-94 
4-97     4-20 


Ci0H*Ag3O«  +  2Aq 362 


10000 


f .  The  crystals  analysed  by  Gottlieb  were  obtained  by  precipitating  the  acid 
saturated  with  ammonia  as  above  with  nitrate  of  silver,  dissolving  the  precipitate  in  hot 
water,  leaving  the  solution  to  cool,  whereupon  it  deposited  delicate  colourless  needles, 
and  then  evaporating  the  liquid  filtered  from  these  crystals ;  somewhat  larger  needles 
were  thus  obtained,  which  when  dried  at  100**,  yielded  6 1 -98  p.  c.  silver.  Gottlieb 
regards  these  crystals  as  the  neutral  silver-salt  contaminated  with  a  small  quantity  of 
acid  salt. 

5.  Acid,  —  1.  The  mother -liquor  of  the  crj^itals  of  the  neutral  salt  yieldsi 
hy  spontaoeous  evaporation,  short,  shining  crystals,  united  in  groups,  and 
differing  considerably  in  appearance  from  the  neutral  salt.  —  2.  By  dis- 
solving the  neutral  salt  in  aqueous  citraconic  acid  at  a  gentle  heat,  and 
leaving  the  solution  to  evaporate,  tolerably  large  crystals  are  obtained, 
united  in  tuft-like  groups:  they  contain  no  water  of  crystallisation,  and 
are  much  more  soluble  in  water  than  the  neutral  salt.  (Gottlieb.) 


Crystals  dried  at  }00\ 

AgO  116     .... 

10  C    60     .... 

48-94     .... 
25-31 
212 
23-63 

Gottlieb. 

(I)                 (2) 
....     49-51     ....     4903 

25-10 

5  H  5     .... 

2-42 

7  O  56     .... 

23-45 

C»0U»AgO»   237     ....  100-00  100  00    %. 

Citraconic  acid  dissolves  very  readily  in  aleohoL  (Lassaigne.) 


Citraconic  Ether. 

C"H"0«  =  2C*H»0,C*«H*0«. 

MalagUti.    (1837.)    Ann.  Chim.  Fhys.  64,  275;  also  Ann,  Pharm.  25, 

272;  also  J,  pr.  Chem.  11,  225. 
Gba680.     Ann.  Fharm,  34,  65  and  71. 

Frfparation,  By  distilling  citraconic  acid  with  alcohol  and  hydro- 
chloric acid,  cohobating  five  times,  and  washing  the  distillate  with  water. 

(Malaguti.)  —  Crasso  proceeded  in  the  same  manner  both  with  citraconic  and  with 
itaconic  acid,  from  each  of  which  he  obtained  an  ether  of  the  same  compoaition. 

Properties.  Transparent,  colourless  lic^uid  of  sp.  gr.  1*040  at  18*5° 
(Malaguti),  105  at  15  .  (Crasso.)  The  boiling  point,  which  is  225°,  at 
0'758  met.  bar.  rises  rapidly,  in  consequence  of  partial  decomposition  of 
the  ether.  (Malaguti.)     Boils  at  227"^.  (Crasso.)    Smells  somewhat  like 
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Calamus  aromatictu  (Malaguti);  has  an  agreeable  aromatic  odoar 
(Grasso);  tastes  pungentlj  bitter.  (Malagnti,  Grasso.)  Neutral  to  vege- 
table Goloars.  (Malaguti.) 

Malaguti.  Cniaso. 

with  cUraconie  with  Uacomie 
aeid»  acid, 

18  C 108     ....     5806     ....     58-44     57*74         ....         57--I6 

14  H    14     ....       7-53     ....       7-66     7-51         ....  7*53 

8  0    64     ....     34-41     ....     33-90     3475         ....         35*01 

C^H^Hyt...  186     ....  10000     ...  10000    100*00        ....       10000 

Decompositions,  — 1.  When  the  ether  is  boiled,  a  small  portion  of  it 
suffers  decomposition,  while  the  greater  portion  passes  over  unaltered. 
(Malaguti,  Crasso.)  —  2.  Nitric  acid  does  not  decompose  oitraconic  ether 
in  the  cold,  and  but  elowlj  when  heated.  (Malaguti.)  —  3.  Oil  of  vitriol 
heated  with  citraconic  ether,  immediately  gives  off  sulphurous  acid  and 
separates  charcoal.  (Malaguti.)  —  Bromine,  iodine,  and  hydrochloric  acid 
exert  no  decomposing  action  on  the  ether;  and  chlorine  (Ann,  Chim, 
Phjfs.  70,  359)  acts  upon  it  but  slightly.  (Malaguti.)  —  4.  By  continued 
contact  with  water,  the  ether  is  resolvea  into  citraconic  acid  and  alcohol. 
(Malaguti.)  —  5.  Potash  resolves  it  into  alcohol  and  citraoonate  of 
potash.  Baryta,  strontia,  and  lime-water,  as  well  as  nitrate  of  silver, 
form  with  it  precipitates  soluble  in  nitric  acid.  (Malaguti.)  —  Dry 
amnion iacal  gas  has  no  action  on  the  ether.  (Malaguti.) 

Combinations,  Citraconic  ether  dissolves  in  water  to  a  scarcely  per- 
ceptible extent.  It  dissolves  without  decomposition  in  cold  oil  of  vitriol, 
—  Mixes  in  all  proportions  with  alcohol  and  common  etlier.  (Malaguti.) 


Appendix  to  Citraconic  Acid. 

1.    Itaconic  Acid. 

Baup.  (1836.)    Ann.  Chim.  Phys.  61,  182;  also  Ann.  Pharm.  19,  29; 

abstr.  J.  pr.  Chem.  8,  418. — BihL  univ.  1838,  Aug.;  also  Ann. 

Pharm.  29,  166. 
Crasso.    Ann.  Pharm.  34,  61. 

^  According  to  Baup,  the  liquid  obtained  by  dry  distillation  of  citric 
acid  contains,  besides  the  citraconic  or  pyrocitric  acid  discovered  by 
Lassaigne,  and  called  by  Baup,  citriblc  acidf  another  less  soluble  acid, 
his  citricic  acid  or  itaconic  acid,  which  appears  to  be  isomeric  with 
citraconic  acid.  Although  the  separate  identity  of  these  two  acids  is 
likewise  admitted  by  Crasso,  it  is  nevertheless  very  doubtful  Liebig, 
(Ann.  Pharm.  26,  120j  was  not  able  to  discover  two  different  acids  in 
the  distillate  of  citric  acid.  According  to  Cahours,  itaconate  of  potash 
is  decomposed  by  bromine  in  exactly  the  same  manner  as  citraconat-e. 
According  to  Gerhardt  (Precis  Chim.  org.  1,  558,  and  N.  J.  Pharm. 
13,  293)  the  citraconates  and  itaconates  do  not  exhibit  any  points  of 
difference.  [In  his  more  recent  Traite  de  Chimxe  organique^  ii.  118, 
however,   Gerhardt  treats   itaconic  acid   as    distinct  from  citraconic] 


q 
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According  to  Baup,  the  distinction  between  the  two  acids  rests  upon 
their  different  crystalline  forma  and  their  different  degrees  of  solnbility 
in  water,  and  on  the  differences  exhibited  by  some  of  their  salts  with 
regard  to  crystalline  form^  and  amount  of  water.  But  the  crystals  of 
citraconic  acid  require  to  be  more  exactly  determined;  their  different 
solubility  appears  doubtful^  considering  the  mode  of  preparation  given 
by  Baup;  and  the  salts  of  the  two  acids  have  not  yet  been  sufficiently 
investigated  to  enable  us  to  regard  the  assigned  differences  as  well 
established.  Of  greater  importance  appears  to  be  distinction^  that  the 
crystals  of  itaconic  acid,  as  stated  by  Baup  and  Crasso,  do  not  melt  at 
100'',  whereas  those  of  citraconic  acid  melt  at  80°.  —  According  to 
Gottlieb,  itaconic  acid  is  monobasic  and  citraconic  acid  bibasic. 

Preparation*  —  1.  The  watery  liquid  obtained  in  the  dry  distillation 
of  citric  acid  is  evaporated  and  repeatedly  cooled  till  the  citraconic  acid 
crystallises  out;  the  mother-liquor  then  yields,  by  further  evaporation, 
needles  of  itaconic  acid,  which  may  be  freed  from  the  more  soluble 
citraconic  acid  by  repeated  solution  and  crystallisation.  (Baup.)  [It  is 
inconceivable  that  the  citraconic  acid  should  crystallise  out  first,  and 
then  the  itaconic  acid  from  the  mother-liquor  of  the  former,  seeing  that 
citraconic  acid,  according  to  Baup,  dissolves  in  0'42  pts.  cold  water, 
while  itaconic  acid  requires  17  pts.  of  water  to  dissolve  it;  and  it  is 
nowhere  stated  that  the  quantity  of  the  itaconic  acid  bears  but  an 
extremely  small  ratio  to  that  of  the  citraconic]  —  2.  Twenty  grammes 
of  citric  acid  are  heated  in  a  retort  capable  of  holding  twice  as  much 
over  a  large  spirit-lamp,  the  flame  of  which  acts  only  on  the  bottom  of 
the  retort,  while  the  upper  part  is  protected  from  the  heat,  till  yellow 
vapours  of  empyreumatic  oil  begin  to  pass  over;  the  oily  distillate,  which 
soon  solidifies,  is  then  dissolved  in  a  six-fold  quantity  of  water;  the 
solution  crystallised  by  evaporation,  the  citraconic  acid  then  remaining 
in  the  mother-liquor;  or  the  resulting  crystals  are  freed  from  the  empy- 
reumatic oil  which  colours  them,  by  recrystallisation  from  alcohol  or 
ether,  and  pressure  between  paper  heated  to  100°,  and  afterwards  between 
paper  moistened  with  absolute  alcohol.  If  the  oily  distillates  obtained 
by  distilling  citric  acid,  be  dissolved  in  twice  its  volume  of  absolute 
alcohol,  the  itaconic  acid  separates  out  after  a  few  hours  in  crystalline 
crusts,  which,  by  solution  in  water  and  slow  evap<>ration,  may  be  con- 
verted into  the  rhombic  octohedrons  described  by  Baup.  (Crasso.)  •— 
According  to  Gottlieb,  citraconic  acid  heated  for  some  time  to  100°,  is 
converted  into  itaconic  acid;  but  to  render  the  change  distinct,  it  is 
necessary  to  operate  with  small  quantities  only. 

Properties.  Colourless  rhombic  octohedrons,  {Fig»  41.)  a: a''  and 
a' :  a'"  =  136°  20°;  a:a*  =  rs"*  15';  a' :  a  behind  =  1 24°;  also  with  the 
/?-,  ^-,  and  u-faces  of  Fiff,  4*2;  the  p-face  often  predominates  to  such  a 
degree  that  a  bevelled  rhombic  table  is  produced;  cleavage  very  distinct 
parallel  to  t;  less  distinct  parallel  to  m.  (Baup;  comp,  Schabus,  Jahresber, 
1854,  403.)  The  crystals  do  not  give  off  any  thing  at  120°;  they  melt 
at  161°,  to  a  colourless  liquid,  which  crystallises  in  a  laminated  form  on 
cooling;  evaporates,  even  somewhat  below  the  melting  point,  in  white, 
irritating  vapours,  having  a  peculiar  odour  and  often  condensing  in 
white  needles;  and  leaves  no  residue  when  gently  heated  and  in  small 
quantities.  (Baup.)  The  acid  is  inodorous,  but  has  a  very  sour  taste. 
(Baup,  Crasso.) 
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Cry9tab  dried  at  100^  Cnsto. 

10  C  60    ....  46-15  46-72 

6  H 6    ....  4-62  4-67 

8  O 64     ....  49-23  48*61 

C^HW 130     ....  10000    10000 

Deccmposition.  Itaconic  acid  heated  to  the  boiling  point  distils  over 
oompletely  in  the  form  of  anhydrous  citraconic  acid^  and  a  sapemataat 
lay^r  of  water.  (Orasso.) 

Combinaiumt.  The  crystals  dissolve  in  17  pts.  of  water  at  10^^  in 
12  pts.  at  20^  and  much  more  abundantly  in  hot  water.  (Baup.) 

Itaconatb  of  Ammonia.  —  a.  Neutral.  —  Does  not  crystallise;  gives 
off  ammonia  when  its  solution  is  evaporated.  —  6.  Acid,  —  Crystallises 
from  the  concentrated  solution  at  20°,  in  transparent  tables  and  prisms 
=  NH',C'®H^O^  which  are  permanent  in  the  air  and  dissolve  in  Hpt. 
water  at  12°^ — and  from  a  more  dilute  solution  in  the  cold,  in  bihy- 
drated  needles  =  NH',C**H*0',  +  2Aq,  which  on  exposure  to  the  air 
quickly  effloresce  from  loss  of  2  At.  water.  (Baup.) 

Itaconate  op  Potash.  —  a,  NetUrai-.  —  Uncrystallisable,  deliques- 
cent, insoluble  in  alcohol.  (Baup.)  — 6.  Jcu2.  —Small  prisms  permanent 
in  the  air.  (Baup.)  The  air-dried  crystals  give  off  7  08  p.  c.  water  at 
100°,  and  the  residue  contains  28*06  p.  o.  potash.  (Crasso.) 

Itaconatb  of  Soda. — a,  NeutrdL — Deliquescent  (Baup.) — &.  Acid. 
-—Opaque,  very  soluble,  fibrous  crystals.  (Baup.) 

Itaoonatb  of  Baryta.  — >  a.  Neutral.  —  Crystalline  crusts  more 
soluble  than  the  lime- salt.  (Baup.)  The  aqueous  acid  saturated  with 
carbonate  of  baryta  yields  by  evaporation  long  delicate  needles  united 
in  stellate  groups,  which  do  not  give  off  any  water  at  lOO*',  contain  at 
thai  temperature  5492  per  cent,  of  baryta  (therefore  =  C^^H^Ba'O^  2  Aq.) 
and  swell  up  slightly  at  a  stronger  heat.  (Crasso.)  —  h.  Add,  —  Small 
rhombic  tables,  with  the  obtuse  summits  rounded;  =  C^^H^BaO*,  Aq.; 
they  dissolve  easily  in  water,  especially  wheu  hot.  (Baup.)  Indistinct 
crystals.  (Crasso.) 

Itaconatb  of  Strontta. — a.  Neutral. — Crystalline  crusts  composed 
of  needles,  soluble  in  a  few  parts  of  water.  (Baup.)  Delicate  needles, 
exactly  resembling  the  baryta-salt,  and  not  giving  off  water  at  iOO°; 
tbey  contain  45-69  p.  c.  strontia  (therefore  C^®H^Sr*0%  2  Ao.).  (Crasso.) 
—  6.  ^cid.-— Laminae  permanent  in  the  air,  easily  solnble  in  water. 
(Banp.) 

Itaconatb  of  Limb.  —  a.  Neutral,  -—  Needles  growing  into  one 
another,  =  C"H*Ca»0*,  2  Aq.,  soluble  in  45  pts.  of  water  at  18^  not 
more  abundantly  in  hot  water,  and  quite  insoluble  in  alcohol.  (Baup.)  — 
b.  Acid.  —  Small  laminae,  permanent  in  the  air,  =  C^^HKillaO",  2  Aq. 
Soluble  in  13  pts.  of  water  at  12^  (Baup.) 

Itaconatb  of  Maonbsia.  —  a.  Bihadc.  —  Gummy. — h.  Acid. — 
Very  soluble  shining  laminie.  (Baup.) 
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Manoanous  Itaconate.  —  Rose-coloured  ciysialline  orttsts  very 
soluble  in  water.  (Baup.) 

Itaconate  of  Lead.  —  The  free  aoid  precipitates  both  neutral  and 
basic  acetate  of  lead;  the  alkali-salts  precipitate  nitrate  of  lead  when 
added  in  equivalent  proportion,  but  the  precipitate  disappears  if  either 
salt  is  added  in  excess.     White  powder  =  C*«H*Pb»0«,  2  Aq.  (Baup.) 

Ferric  Itaconate.  —  The  free  acid  imparts  a  reddish  colonr  to 
ferric  saltcr,  and  its  alkali-salts  form  a  red  precipitate  therewith.  (Baup.) 

Itaconate  of  Nickel.  —  Pale  bluish-green  powder,  very  soluble  in 
water.  (Baup.) 

CupRic  Itaconate.  —  Very  slender,  greenish-blue,  sparingly  soluble 
needles.  (Baup.) 

Mercurous  Itaconate.  —  Alkaline  itaconates  form  a  white  preci- 
pitate with  mercurous  nitrate.  (Baup.) 

Itaconate  of  Silver.  —  Alkaline  itaconates  form  a  white  crystal- 
line powder  with  nitrate  of  silver.  (Baup.)  The  free  acid  does  not 
precipitate  the  solution  of  nitrate  of  silver;  the  white  powder  obtained 
on  adding  a  small  quantity  of  ammonia  burns  with  a  kind  of  explosion 
when  heated,  and  throws  out  vermicular  shoots.  Dissolves  readily  in 
ammonia  and  very  sparingly  in  hot  water.  (Crasso.) 


IOC 

Dried  at  100^ 
60     .... 

17-44     .... 

1-16     .... 

62-79      ... 

18-61     ... 

Baup. 
....     17-49     .. 
....       1-24     .. 
....     62-73     .. 
....     18-54     .. 

Crasso. 
..     17-57 

4  H 

4 

1-22 

2Ag  .... 
8  0 

216     .... 

64     .... 

..     62-36 
..     18-85 

C»H^Ag20» 344     ....  100-00     100*00     ....  10000 

^.  Ttaconic  acid  does  not  appear  to  form  an  acid  silver-salt.  According  to  Gott- 
lieb {Ann.  Pharm.  77,  268),  the  neutral  salt  dissolves  but  very  sparingly  when  boiled 
with  aqueous  itaconic  acid,  and  the  liquid  tlien  deposits  a  mixture  of  hydrated  itaconic 
acid  with  a  small  quantity  of  the  neutral  salt.  Gottlieb  thence  concludes  that  itaconic 
acid  is  monobasic,  and  its  formula  C^H'O*.  Gerhardt  on  the  other  hand  (Compi,  ehim. 
1851,  120,)  does  not  think  that  there  are  suffident  grounds  fur  this  opinion.  Wurtx 
also  (N.J.  Pharm.  19,  479,)  regards  itaconic  arid  as  hi  basic.  The  existence  of  the 
neutral  and  acid  salts  of  baryta,  strontia,  lime,  &c.,  (p.  426)  is  certainly  in  favour  of 
this  view.     ^. 

Itaconic  acid  dissolves  in  4  pts.  of  alcohol  and  in  ether.  (Baup.) 


t*   2.  Mesaconic  Acid. 

C"H«0«   =   C"H''0',0«. 

Gottlieb.  1851.    Ann,  Pharm,  77,  268. 

Pebal.     Ann.  Pharm.  78,  129. 

Baup.     N.  Ann.  Ohm.  Phy$.  33,  192;  Ann.  F/iarm.  81,  96. 

Citraeartic  acid.  (Baup.) 

Formaiion   and   Preparation.     By   the  action  of  dilate  nitric  acid 
(Scheidetoasser)    on    aqueons   citraeonio   acid,    {vid.   p.    419).  —  in  this 
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reaction,  the  greater  portion  of  the  citraconic  acid  is  not  decompoaed,  bat  merelf  onder- 
goes  an  isomeric  transformation,  the  only  products  formed  besides  mesaconic  acid« 
being  oxalic  acid  and  the  yellow  nitro-compound  already  mentioned,  both  of  which 
occur  in  small  quantity  only.  The  nitro-compound  appears  to  be  a  substitution-pro- 
duct of  citraconic  acid,  inasmuch  as  a  perfectly  similar  substance  is  formed  by  passing 
hyponitric  acid  into  a  concentrated  solution  of  citraconic  acid,  its  formation* in  this 
case  not  being  accompanied  by  that  of  mesaconic  add.  The  formation  of  mesaoonic 
from  citraconic  acid  appears  to  be  analogous  to  that  of  elaidic  from  oleic  acid  (f .  w.) 
Itaconic  acid  treated  with  dilute  nitric  acid,  does  not  yield  mesaoonic  acid.  (Gottlieb.) 
— >  Baup  uses  nitric  acid  diluted  with  four  times  its  weight  of  water. 

PropeHieB,  —  Slender  crystalline  needles,  having  a  faint  lustre. 
(Oottlieb.)  When  crystallised  from  alcohol^  it  forms  transparent  flat- 
tened prisms.  (Banp.)  Crystallises  by  slow  cooling  from  a  hot  saturated 
aqueous  solution,  in  very  slender  needles,  having  a  silky  lustre;  an 
alcoholic  solution  boiled  and  evaporated  to  dryness  over  the  water-bath, 
yields  the  acid  in  brownish  scales,  the  colour  arising  probably  from  a 
superficial  decomposition.  (Pebal.)  Tastes  harsh  and  sour.  (Gottlieb.) 
Melts  at  208"  to  a  clear  liquid,  and  when  heated  a  few  degrees  above 
that  point,  sublimes  without  decomposition  in  crystals,  (^Gottlieb);  sab- 
limes  before  fusion.  (Baup.)  The  fused  acid  solidifies  in  a  crystal  line 
mass  on  cooling.  The  vapour  is  pungent  and  excites  coughing.  The 
solutions  redden  litmus  strongly,  and  decompose  carbonates.  (Gottlieb.) 

Gotdieb. 

....     4615     45-73     ....     45-77 

....       4-61     4-61     ....       4-57 

....     49-24     49-66     ....     49-66 


10  c 

Dned  at  100''. 
60 

6  H 

6 

8  O 

64 

C"HH)»    130     ....  10000    100-00    ....  10000 

Pebal. 
Dried  at  ^00*.  a.  b. 

^  s 

IOC 60     ...     4615     45-80     ....  4596  ....  4541 

6  H    6     ....       4-61     4-66  ....  4-65 

8  O    64     ....     49-24     4938  ....  4994 

CWH«0»   130     ....  100-00     10000     ....  10000 

Isomeric  with  citraconic  and  itaconic  acids ;  Pebal's  add  a  was  crystallised  from 
hot  water ;  b  was  sublimed  and  dried  at  150**. 

Decomposition.  Mesaconic  acid  heated  in  a  platinum  spoon  and  set 
on  fire,  burns  with  a  blue  flame,  and  without  leaving  any  carbonaceoos 
residue.  (Baup.) 

Combinations,  The  acid  dissolves  sparingly  in  cold,  abundantly  in 
hot  water  (Gottlieb),  in  88  pts.  water  at  14°,  and  in  29  pts.  water  at 
22""  (Baup),  in  14*29  pts.  at  18*2^  and  in  085  pts.  at  100''  (Pebal). 

The  acid  is  bibasic,  forming  neutral  salts  =  G^H^MH)',  and  acid 
salts  =  C^^H'MO*. 

Mbsagonate  of  Ammonia.  —  a.  Neutral,  —  Does  not  crystallise. 
(Baup.)  —  6.  Acid,  —  Very  small  prisms,  with  triangular  summits, 
soluble  in  8  pts.  of  water  at  15^  (Baup.^  On  boiling  a  solution  of  the 
acid  neutralised  with  ammonia,  an  evolution  of  ammonia  takes  place;  and 
from  the  concentrated  solution,  the  acid  salt  separates  in  crystalline 
geodes,  which  dissolve  very  readily  in  water.  (Pebal.) 
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Dried  at  100*.  Pebal. 

10  C  60  ....  40-81     40-66 

N 14  ....       9-54 

9  H  9  ....       6  12     610 

8  O  64  ....  43-53 

CWH»(NH*)08  147     ....  10000 

Baap,  bj  nentralising  the  acid  with  ammonia,  obtained  for  the  atomic  weight  of 
thia  salt,  the  nnmbers  U6'3  and  145°. 

Mesaconatb  of  Potash.  —  The  neutral  salt,  obtained  by  saturating 
the  acid  with  carbonate  of  potash,  is  very  soluble  in  water,  somewhat 
less  soluble  in  alcohol,  and  crystallises  from  a  highly  concentrated  aqueous 
solution  after  standing  for  some  time  in  delicate  needles,  having  a  silky 
lustre.  (Pebal.)  It  is  rery  deliquescent.  (Baun.)  The  acid  salt  crys- 
tallises in  small  micaceous  laminie,  dissolves  readily  in  water^  less  readily 
in  alcohol.  (Banp.) 

Mesaconatb  of  Soda.  —  The  Tieutral  salt,  prepared  like  the  potash- 
salt,  is  also  very  soluble  in  water,  and  crystallises  in  small  very  short 
prisms,  with  truncated  summits.  (Pebal.)  Baup  did  not  obtain  it  iu  the 
crystalline  form.  The  acid  salt  crystallises  in  small  rhombic  prisms^ 
which  do  not  alter  by  exposure  to  the  air.  (Baup.) 

Mesaconatb  of  Baryta.  —  a.  Neutral.  —  Obtained  by  saturating  a 
boiling  solution  of  the  acid  with  carbonate  of  baryta.  Separates  from 
ooncentrated  solutions  by  spontaneous  evaporation,  in  crystals  belonging 
to  the  oblique  prismatic  system,  having  a  vitreous  and  somewhat  fatty 
lustre.  (Pebal.)  Forms  transparent,  compressed,  four-sided  prisms,  or 
tables,  which  do  not  alter  by  exposure  to  the  air,  or  only  effloresce  in 
very  dry  air,  or  when  they  are  slightly  warmed;  they  then  recover  their 
water  of  crystallisation  on  exposure  to  the  air.  At  a  higher  tempera- 
ture, the  salt  decomposes,  swelling  up  to  five  times  its  original  bulk. 
(Banp.)  The  crystals  give  off  the  greater  part  of  their  water  at  100°, 
becoming  partially  opaque,  and  the  wnole  at  1 80^  (Pebal.) 


Anhydrftut^ 
2  BaO 

dried  at  130"*. 
..  153-2     ...     57-75     .... 
..     600     ....     22*63     ... 
4-0     ....       1-51     ... 
..     48-0     ....     1811     ... 

Pehal. 
....     58-00     ....     57-35 

10  C  

....     22-29 

4  H 

....       1-70 

6  0  

....     1801 

C»H^Ba«0»    

..  265-2     ....   100-00     ... 

10000 

Baup.  Pebal. 

2  BaO 153-2     ....     45  59 

C»«H<0»  112-0 

8  HO 72-0     ....     21-18     2119 

C»0H*Ba»O8  +  8Aq 337-2 

h.  Acid.  —  By  saturating  one-half  of  an  aqueous  solution  of  the  acid 
with  carbonate  of  baryta,  then  adding  the  other  half,  decolorising  with 
animal  charcoal,  and  concentrating  the  liquid,  the  acid  salt  is  obtained, 
either  in  crystalline  nodules  or  in  nacreous  six-sided  tables,  sometimes, 
however,  assuming  the  prismatic  form  by  elongation  in  one  direetioB. 
The  purification  of  this  salt  is  attended  with  considerable  diflBiculty,  as  a 
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poriicn  of  the  free  acid  adheres  obstinately  to  the  crystals^  and  cannot 
be  completely  removed  by  recrystallisatiou.  Alcohol,  either  oold  or 
boiling,  decomposes  the  salt  into  the  neutral  salt  and  free  acid.  (PebaL) 
Small  crystals  permanent  in  the  air.  (Baup.)  The  crystals  give  off  their 
water,  amounting  to  6*35  p.  c.  (1 J  At.),  at  140^  (Pebal.) 

Tabular  crysiah,  dried  ai  140"*.  Pebal. 

BaO  76-6     ....     38*74  38-08 

IOC   600     ....     30  38  30-65 

6  H  50     ....       2-53  2-89 

7  0   560      ...     28-35  28-38 

C"H*BaO» 197-6     ....  10000     100-00 

TabiUar  ery§tal$,  mr^drifd.  Fbha]. 

2  BaO 153-2     ....  36-27  36-51 

20  C 1200    ....  28-43  28  60 

13  H 130     ....  308  3-33 

17  0 136-0     ....  32-22  3156 

2C»H*BaO»  +  3Aq.         422-2    ....  10000     «  lOO'OO 

Or:  PebaL 

2  C?«H»Ba08 3952    ....     936 

3  HO 270     ....       6-4     ....     6-4 

2C"»H*Ba08  +  3Aq  4220     ....  1000 

Baup  fonnd  the  crystals  of  the  acid  salt  to  contain  36*71  p.  c.  baryta, 
whence  he  dedaces  the  formula  C'®H*BaO'  +  2Aq.  which  requires  37-07 
BaO. 

Mesaconate  of  Lime.  —  Very  small  needle-shaped  crjrstals,  aggre- 
gated in  white  fibrous  crusts.  Give  off  their  water  at  a  somewhat  elevated 
temperature,  and  recover  it  on  exposure  to  the  air.  Swell  np  when 
decomposed  by  heat,  but  not  so  much  as  the  baryta-salt.  Soluble  in 
16^  pts.  of  water  at  20""^  insoluble  in  alcohol.  (Baup.) 

Cryttata,  Pebal. 

2CaO 56  ...     3011     3013 

C»HH)« 112  ....  6021 

2  HO  18  ....  9  68 

Ci0H<Ca«O«  +  2  Aq 186      ...  100-00 

Mesaconate  of  Lead.  —  a.  Batic, —  4PbO,C"H*0* -h  6Aqf  — 
2Pb0,C"H*Pb»0»  -h  6Aq  ?  —  Tribasic  acetate  of  lead  added  to  a  solution 
of  a  neutral  mesaconate,  forms  a  flocculent  or  pulverulent  precipitate, 
which  diminishes  in  bulk  considerably  after  a  while,  gives  off  6  p.  c. 
water  when  heated,  and  then  turns  yellow.  Gives  by  analysis  72-35  p.  c. 
PbO,  the  above  formula  requiring  72  96.  (Baup.) 

h.  Neutral.  —  A  solution  of  a  neutral  mesaconate  forms,  with  neutral 
acetate  of  lead,  a  curdy  precipitate,  which  frradnally  changes  to  small 
crystals;  when  the  solutions  used  are  very  dilute,  the  neutral  salt  sepa- 
rates slowly  in  small  transparent  prisms.  (Baup.).  —  Neutral  mesaconate 
of  ammonia  or  bar\ta  forms,  with  lead-salts  at  ordinary  teraperaturos,  a 
white  crystalline  precipitate,  and  at  a  boiling  heat  a  resinous  viscid  mass, 
which  becomes  hard  and  brittle  on  cooling;  from  the  supernatant 
liquid  the  uentral  salt  crystallises  in  short  needles.     The  precipitate  (a) 
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obtained  from  cold  solutions,  and  dried  in  the  air  at  ordinary  tempera- 
tures, gives  off  7*24  to  7  86  p.  c.  (3  At.)  water  at  130®;  after  washing 
with  hot  water,  it  gives  off  at  the  same  temperature  only  5*63  to  6*12 
p.  c.  (2  At.)  water.  (Pebal.) 


10  c 

Dried  ailZQ'', 
60     .... 

17-86     

119     

61-90    

19-05     

Pebal. 
...     17*44 

4  H 

4 

1-28 

2  Pb 

8  O 

208     .... 

64     .... 

...     61-75 
..     19*53 

p: 

2  PbO 

336 

224     . 

10000     .... 
...     66-67 

....  100-00 

Baup. 
....     66-73 

CMH*0«    ... 

112 

CWH*Pl>»08 

C»H*PV08 
3  HO  

336 

Bydrated  salt  (a), 

336 

27 

....     92-56 
....       7-44 

Pebal. 
....     7-41 

CWH*Pb'08,3Aq 363 

Hydrated  salt  (j3). 

Ci0H«Pb>O8    336     ... 

2  HO 18     ... 

....  10000 

.     94-92 
.       5-08     .. 

Pebnl. 
5-87 

C»»H*Pb*0»,2Aq 354     ....  100-00 

Baup  found  the  crystals  to  give  off  7*9  to  8-2  p.c.  wmter  in  dr>ing;  a  quantity 
somewhat  too  great  for  the  terhydrated  salt  (a),  the  excess  being  probably  due  to 
efflorescence. 

c.  Acid,  —  Crystallises  in  small  colourless  needles  from  a  solution  of 
the  neutral  salt  in  boiling  aqueous  mesaconic  acid,  an  excess  of  which 
must  be  avoided.  (Pebal.)  It  is  also  obtained  by  adding  acetate  of  lead 
to  a  solution  of  mesaconic  acid:  it  then  separates,  more  or  leas  quickly, 
according  to  the  strength  of  the  solution,  in  small  prismatic  crystals, 
acuminated  at  the  ends.  (Baup.)  Gives  off  a  mere  trace  of  water  at 
100*'.  (PebaL)     Swells  up  and  decomposes  when  more  strongly  heated. 

(Baup.) 

Dried  at  lOO'*,  PebaU 

10  C  60  ....  25-77     25-87 

5H 5  ....  2-15 

Pb 104  ....  44-58     44-68 

8  O 64  ....  27-50 

CW>H»Pb08 233     ....  lOO'OO 

Qf.  Baup. 

PbO         112  ....  4807     47-90 

CMH^O"   112  ....  48-07 

no     9  ....  3-86 


PbO,HO,O0H*O«  233     ....  10000 

From  a  solution  of  sesquichloride  qf  ironj  mesaconic  add  throws  down  red  flakes. 
(Banp.) 

CuPRTC  Mesaconate.  —  A  mixture  of  cupric  acetate  and  mesaconic 
acid  yields,  more  or  less  quickly,  according  to  the  degree  of  concentration, 
very  small  granular  crystals  of  a  deep  sky-blue  colour.  (Baup.) 


432 


UKENE:  OXYGEN-NUCLEUS  C^HW. 

Air- dried, 
2  CmO 80     ....     35-09     34*80     ^ 

Baiip« 

35  03 

CWH*0» 112     ....     49-12 

4  HO    36     ...     15.79 

15-53 

C«'H*Cu208  +  4Aq 228     ....  10000 

On  mixing  the  solution  of  a  neutral  mesaoonate  with  cnpric  aalphate  or  acecate, 
there  is  obtained,  besides  the  neutral  salt  just  described,  a  basic  salt,  which  effloresces 
rapidly  on  exposure  to  the  air.  (Baup.) 

Mtrcuroui  nitrate  forms  a  white  precipitate  with  aqueous  mesaconic  add.  (Banp.) 

Mercuric  chloride  forms  a  precipitate  with  soluble  mesaconates.  (Baup.) 

Mesaconatb  of  Silver.  —  a.  Neutral.  —  a.  Anhydrous.  —  Obtained 
bj  adding  nitrate  of  silver  to  a  solution  of  mesaconic  acid  exactly 
neutralised  with  ammonia  (Gottlieb,  Pebal);  or  by  mixing  a  dilate 
solution  of  baryta  with  nitrate  of  silver.  (Pebal.)  Heavy,  white  crys- 
talline precipitate,  which  is  not  altered  by  exposure  to  light,  or  by 
heating  to  100°.  (Gottlieb.)  Curdy  precipitate,  which  soon  subsides  in 
the  form  of  a  granular  powder  consisting  of  microscopic  crystals. 
Sparingly  soluble  in  water,  more  soluble  in  the  mother-liquor.  When 
treated  with  hot  water,  especially  if  exposed  to  light,  it  assumes  a  reddish 
tint.  (Pebal.)  When  somewhat  suddenly  heated,  it  is  decomposed  with 
violence,  throwing  out  vermicular  shoots  of  metallic  silver^  like  the 
itaconate  under  similar  circumstances.  (Gottlieb,  Pebal.) 

Dried  at  lOO"*.                                  Gottlieb.  Pebal. 

IOC    60  ....  17-44  17-72     ....  1733    ....     17*28 

4  H  4  ....  1-17  1-24     ....  1-43    ....       1-18 

2  Ag 208  ....  62-79  62-49     ....  62*80 

8  0    64  ....  18-60  18-55     ....  18-44 

C»»H*Ag»08 336     ....  100-00     100-00     ....  10000 

p.  Hpdrated.  — C^m^Ai^'\- 2 Aq.  — On  adding  nitrate  of  silver  to 
neutral  mesaconate  of  soda,  filtering  from  the  resulting  precipitate  of 
anhydrous  salt,  and  mixing  the  filtrate  with  alcohol,  a  very  bulky  trans- 
lucent precipitate  is  obtained,  which  does  not  subside  in  the  granular 
form,  even  after  long  standing,  and  when  separated  from  the  mother- 
liquor,  dries  up  to  an  amorphous  mass.  This  salt  washed  with  alcohol, 
pressed  between  bibulous  paper,  and  dried  over  oil  of  vitriol,  gave  by 
Ignition,  60*23  p.  c.  silver,  agreeing  nearly  with  the  above  formula,  which 
requires  59-70  p.  c.  (Pebal.) 

b.  Acid.  —  Obtained  by  dissolving  the  neutral  silver-salt  in  boiling 
aaueous  mesaconic  acid,  avoiding  an  excess  of  the  acid,  as  it  wonld 
aahere  to  the  crystals  which  separate  from  the  cooling  solution.  The 
salt  does  not  become  coloured  by  exposure  to  light;  when  heated,  it 
behaves  like  the  neutral  salt.  Dissolves  pretty  easily  in  hot  water. 
Gives  off  but  a  trace  of  water  at  100°.  (Pebal.) 

Dried  at  100°.  Pebal. 

IOC  60  ...  25-30     2503 

5H 5  ....  211     2-24 

Ag    108  ....  45-61      45-59 

8  0 64  ....  26-98     2714 


CWH»AgO« 237     ....   100-00    10000 
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Conjugated  Compound  of  Jfesaconic  Acid. 

Hesaconic  Ether. 

Pebal.    Ann,  Fharm.  7B,  145. 

Formation  and  Preparation.  1.  Bj  distilling  mesaoonic  acid  with 
Bulphnric  acid  and  alcohol  uf  90  per  cent.,  the  quantities  of  the  two  latter 
being  twice  as  great  as  should  be  required,  according  to  calculation,  to 
convert  the  whole  of  the  mesaconic  acid  into  mesaconio  ether,  and  the  dis« 
tillation  being  continued  till  the  residue  begins  to  blacken.  The  distillate 
thus  obtained  consists  of  common  ether  mixed  with  mesaconic  ether  the 
proportion  of  the  latter  being,  however,  but  small.  A  fresh  quantity  of 
alcohol  is  therefore  added  to  the  liquid  in  the  retort,  the  mixture  again 
distilled,  and  these  operations  repeated  as  long  as  mesaconic  ether  con- 
tinues to  form.  The  crude  product  thus  obtained  is  purified  by  heating 
it  in  the  water-bath  to  expel  the  vinic  ether,  distilling  the  residue  with 
water,  treating  the  new  distillate  with  carbonate  of  soda  to  remove  free 
acid,  then  washing  with  water,  and  drying  with  chloride  of  calcium.  — 
2.  By  passing  hydrochloric  acid  gas  into  an  alcoholic  solution  of  mesa- 
conic acid;  a  portion  of  the  latter  always,  however^  remains  unacted 
upon. 

Properties,  Colourless  mobile  liquid,  having  an  agreeable  fruitr 
odour  and  bitter  taste.  Sp.  gr.  1043  at  20".  Boils  constantly  at  220  , 
from  platinum,  at  737  mm.  oar.,  and  distils  without  decomposition.  Does 
not  redden  litmus. 

Pebal. 

18  C 108    ....    5806    57-85 

14  H 14     ....      7-53    7-52 

8  0 64     ....     34*41     34-63 

CWHMQ*   186    ....  100-00     100-00 

Decompoeitum,  Mesaconic  ether  is  decomposed  by  baryta-water, 
with  formation  of  mesaconate  of  baryta.  Ammoniacal  gas  has  no  action 
upon  it. 

Combinaiums.  The  ether  dissolves  sparingly  in  cold^  somewhat  more 
readily  in  hot  watery  from  which  it  separates  on  cooling,  rendering  the 
liquid  milky.  Mixes  in  all  proportions  with  alcohol  and  vinic  ether, 
(Pebal.) 

An  attempt  to  prepare  meitewovinie  acid  wa»  not  succcasful.    f. 


""T- -* "^^     -->•■» 
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3.    Lipic  Acid. 

T 

Laurent.  (1837.)  Afin.  Chim,  JPhys.  Qfjy  169.  —  Remie  Scientlf,  10,  125; 
also  J.  pr.  Cheni,  27, 316.  .  . 

.  .  Freparation,     1  pt.  of  oleic  acid,  is  boiled  with  1  pt.  of  concentrated 
nitric  acid  for  12  hours,  with  cobobation;  the  watery  Hqni4  in  the  retort 
separated  from  the  oily  portion;  the  latter  again  boiled  with  fresh  nitric 
acid,  as  above;  the  acid  liquid  again  separated  from  the  oil,  ifec,  so  that, 
after  12  hours'  boiling  of  the  oily  liquid  with  nitric  acid,  the  operation 
lias  been  repeated  seven  times,  aud  7  pts.  in  all  of  nitric  acid  have  been 
used.     The  watery  acid  liquids  separated  after  the  several  boilings  are 
then  united;  the  whole  evaporated  down  to  one-fourth, and  cooled  till  the 
Biiheric  acid  solidifies,  mixed  with  azelaic  acid  and  a  peculiar  oil;  the 
solidified  matter  separated  from  the  acid  mother-liquor,  and  washed  with 
cold  water;  and  these  liquids  further  evaporated  and  frequently  cooled 
to  separate  more  suberic  acid;  they  then  yield,  by  still  further  evapo- 
ration and  three  days'  cooling,  a  crystalline  mass  of  pim^Iie  acid,  rongher 
to  the  touch,  and  consisting  of  harder  grains,  which  product  is  freed  from 
the  acid  mother-liquor  and  washed  with  cold  water.     This  last  mother- 
liquor  is  evaporated  at  a  very  gentle  heat  (so  that  no  decomposition  or 
blackening  may  occur)  to  expel  the  greater  part  of  the  nitric  acid;  set 
aside  for  two  or  three  days. after  each .  evaporation ;  separated  from  the 
resulting  brownish   crystalline  mixture  of  lipic  and  adipie  acid;  and, 
together  with  the  cold  wash-water  of  the  latter,  carefully  evaporated  and 
set  aside  in  the  cold,  as  long  as  it  deposits  crystals.     (An  acid  not  yet 
examined  remains  in  solution.)     These  brownish  crystals  are  dried,  and 
dissolved  in  ether;  the  solution  filtered  from  a  brown  substance,  left  to 
evaporate  to  one-half,  and  decanted  from  the  re§ulting  crystals  of  adipie  acid, 
which  may  be  purified  by  two  or  three  crystallisations  from  hot  alcohol 
and  then  separate  in  warty  granules;  and  the  ethereal  mother-liqnor  left 
to  evaporate:  it  then  yields  crystals  of  lipic  acid,  which,  when  purified 
in  a  similar  manner   by  recrystallisation  from  alcohol,  is  obtained  in 
i^omewhat  elongated  laminsB.  (Laurent.)  —  Caprylic  alcohol  is  converted, 
by  the  continued  action  of  nitric  acid,  into  butyric,  succinic,  pimelic,  and 
lipic  acid.  (Bonis,  Compt,  rend,  33,  141.) 

Propeiiies,  The  acid  crystallised  from  alcohol,  and  still  retaining 
2  At.  water,  forms  longish  lamina),  terminated  by  two  lines  inclined  to 
one  another  at  an  obtuse  angle.  When  the  acid  is  heated  on  glass  till  it 
partly  fuses,  it  solidifies  in  a  fibrous  mass  on  cooling.  By  rapid  heating, 
it  may  be  distilled  without  alteration,  or  sublimed  in  beautiful  six-sid^ 
needles.  But  when  slowly  heated,  it  gives  off  water,  and  distils  over  as 
anhydrous  acid,  which  does  not  melt  below  140°  to  145°.  The  vapours 
of  the  acid  strongly  excite  coughing. 

Dehydrated  by  slow  distillation.  Laurent. 

IOC : ;..;. ca   ...    46*15    40-59 

6H 6     ....       4-62     4-39 

8  0 64     ....     49-23     49*02 

c'^iro" 130   ....  10000   100*00 
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IOC 

8  H 

10  O 


Cryrialt, 

60 

8 

80 


Laurent. 

40-54     41-15 

5-41     5-50 

5405     53-35 


CWH«o8  +  2Aq 148     ....  10000     100-00 

Isomeric,  therefore,  with  citraconic,  itaconic,  and  mesaoonic  acid. 

Combinalwns.  The  acid  dissolves  in  cold  water  more  readily  than 
adipic  or  pimelic  acid. 

The  anhydrous  Lipates  yield,  when  heated  with  oil  of  Yitriol,  an 
acicular  sublimate  of  lipic  acid. 

The  Ammonia-BaU  crystallises  in  long  needles.  '-'^ 

Its  aqueous  solution  forms  after  a  while  with  chloride  of  barium, 
square  prisms  of  the  Baryta-salt,  which  change  to  octohedrons  and 
contiuue  to  increase  for  24  hours.  — With  chloride  of  strofitium,  it  forms 
crystalline  groups  resembling  crowns;  and  with  chloride  of  calcium,  after 
a  while,  small  square  prisms.  It  precipitates  the  salts  of  iron,  copper, 
and  silver,  but  not  those  of  magnesium  or  manganese. 


Baryta-salt  dried  in  vacuo  at  1^ 
2  BaO    153-2      . . 

10-. 
57-77     . 
22*62 
1-51 
1810 

Laurent. 
57-7 

10  C 

600     .... 

4  H 

4-0     .... 

8  0 

64-0  ..;. 

C»«H^Ba308 

265-2     .... 

10000 

17-44 

62*80     . 
18-60 

IOC 

4  H    

Silver-salt. 
60     .... 

Laurent. 

2Ag 

8  O    

216     .... 

64     .... 

62-9 

C»H*Ag»0« 

344     .... 

100-00 

Lipic  acid  dissolves  in  alcohol  and  ^hevy  (Laurent.) 
Compart  Bromeis.  (Ann,  Pharm*  35,  108.) 


h.    Oxygen-nucleus.    C*°H^O*. 

Citraconic  Anhydride. 

C^°H*0«=C"H*0*,0»1 

RoDiQTJET.     Ann.  Chim.  Phys,  65,  78. 
Crassg.     Ann.  Pharm,  34,  08. 

Anhydrous  dtraconie  acid,  icassetfreie  Citraconsdure,  Aeide  pyroeitrtque  anltydre. 

Formation  and  Preparation.     1.  In  the  dry  distillation  of  citric  acid, 

an  aqueous  solution  of  citraconic  acid  first  passes  over,  then  the  impure 

anhydride,  in  the  form  of  a  heavy  yellow  or  greenish-yellow  oily  licjuid, 

which,  if  the  distillate  has  been  carried  too  far,  is  contaminated  with  a 

'  2  P  2 
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small  qaantitj  of  empyreainaUo  oil,  and  in  that  case  lias  an  odour 
like  that  of  rock-oil.  (Lassaigne,  Robiooet)  When  the  erode  oil  is 
distilled  in  ihe  water-bath,  the  pore  anhydride  gradnallj  distils  over. 
(Robiqnet)  There  then  remains  a  brown  oil  mixed  with  ciystsls  of  the 
acid;  and  this  oil,  distilled  for  several  days  in  the  water-bath,  yields  a 
distillate  [probably  water  mixed  with  the  anhydride]  which  changes  after 
a  while  to  colourless  crystals;  and  in  the  retort  there  remains  an  oil 
[probably  impure  anhydride]  which  solidifies  below  O''  in  a  laminated 
mass,  melts  above  0^,  has  a  bumine  taste,  and  is  converted  by 
exposure  to  the  air  into  the  crystallised  acid.  (Robiqnet.)  The  crude 
oil  is  resolved  by  heat  into  a  watery  and  an  oily  layer;  and  the  latter, 
when  rectified />ersr,  yields  first  water,  then  at  200  a  milky  distillate^ 
and  when  the  receiver  is  changed,  the  clear  oily  anhydride.  (Crasso.)  — > 
2.  Crystallised  citraconic  acid  may  be  completely  converted  by  heat 
into  water  and  the  oily  anhydride,  which  pass  oTer  one  after  the  other, 
(Crasso.) 

PrvpertUs.  Thin  colourless  oil  (pale  yellow,  according  to  Robiqnet)| 
of  sp.  gr.  1*241  at  14°.  (Crasso.)  The  crude  oil  has  a  density  of  1*30. 
(Robionet.)  Remains  liquid  even  in  vacuo  over  oil  of  vitriol.  Boils  at 
ISO"*  (Robiqnet),  at  212"  ^Crasso),  but  volatilises  even  at  90^  (Crasso.) 
It  is  nearly  inodorous,  and  has  a  very  sour  and  burning  taste,  like  that 
of  a  volatile  oil  (Robiqnet);  it  is  inodorous  and  has  a  caustic,  sour, 
and  rou^h  taste  (Crasso);  scarcely  reddens  thoroughly  dried  litmos  paper, 
but  reddens  the  moistened  paper  strongly.  (Robiquet) 


10  c 

60 

....     53-57 
....       3*57 
....     42-86 

Robiqnet.      Cnaso. 

3-69    ....      3-67 

4314     ....     4209 

4  H 

4 

6  O 

48 

CWH*0«   

112 

....  10000 

10000    ....  10000 

Deeompontions.  1.  The  anhydride  leaves  a  black  residue  when  too 
rapidly  distilled.  (Crasso.)  —  2.  When  shaken  up  with  water,  it  distils 
slowly  in  the  form  of  citraconic  acid,  which  crystallises  on  evaporation; 
the  unaltered  portion  settles  down  in  oily  drops  every  time  the  vessel  is 
shaken,  but  after  repeated  treatment  with  water,  finally  disappears 
altogether.  On  exposure  to  moist  air  also,  the  anhydride  is  gradually 
converted  into  the  crystallised  acid,  which  then  deliquesces.  (Robiquet, 
Crasso.)  The  anhydride,  in  passing  to  the  state  of  the  crystallised  acid, 
increases  by  1321  p.  c.  (Robiquet.)  [100  :  113-21  =  112  (1  At.  anhy- 
dride) :  126*8  (1  At.  citraconic  acid  weighs  130).  ] 


Citraconaxnide.   c>°nh«o»,o> -i- 2Aq.t 

Citraconic  anhydride  heated  in  a  stream  of  dry  ammoniacal  gas 
becomes  heated;  absorbs  a  large  quantity  of  the  gas;  becomes  covered  at 
first  with  a  coriaceous  skin;  then  solidifies  entirely  in  the  form  of  a 
yellowish  solid  body;  and  is  finally  converted,  with  further  absorption 
of  ammonia,  into  a  yellow  viscid  mass,  which  becomes  brittle  and  ffiassy 
on  cooling.     This  mass  deliquesces  in  moist  air,  dissolves  very  abnn&ntly 


CITRACONIMIDE.  437 

in  water  and  readily  in  aloobol.     The  aqneoQS  solotion  yields  by  evapo* 
ration  crystals  of  acid  citraconate  of  ammonia.  (Crasso.) 


10  c 

60 

....     46*51     .... 

..»*         0  40      .... 
....      9/**l      .... 

Crasso. 

....    47-57 

N 

7  H 

14 

7 

....     11-60 
5*58 

6  0 

48 

....     35*25 

C»NH70« 

129 

....  10000    .... 

....  100-00 

1.  Citraconimide.   C"NH»o*. 

Formed  by  tbe  action  of  heat  on  acid  citraconate  of  ammonia ; 

C»»H»(NH*)08  -  4  HO  -  CWNH*0<. 

When  citraconic  acid  is  mixed  with  excess  of  ammonia  and  evapo- 
rated to  dryness  in  the  water-bath,  there  remains  a  mixtore  of  neutral 
and  acid  citraconate  of  ammonia,  which  is  better  adapted  for  preparing 
the  imide  than  the  pure  acid  salt.  When  this  mixture  is  gradually 
heated  in  a  retort,  amrooniacal  water  passes  over  at  first;  and,  as  soon  as 
the  temperature  approaches  180°,  the  liquid,  which  has  become  yellow, 
swells  up  considerably,  the  evolution  of  water  ceases,  and  the  whole 
solidifies  to  a  tumefied,  amber-colored  mass  of  citraconimide,  which  at  a 
higher  temperature  turns  black,  melts,  and  decomposes. 

Citraconimide  has  a  conchoidal  fracture;  it  is  tough  and  difficelt  to 
pulverize;  the  powder  is  white  and  highly  hygroscopic,  and  does  not 
part  with  the  absorbed  water  till  heated  to  180°,  at  which  temperatare 
it  bakes  together  without  fusion;  under  water  it  melts  at  100^. 

Powder  dried  at  180^  Gotdieb. 


10  c  

60 

....     5405     ... 
....     12-61     ... 

•  •••               4    vA           ••• 

54-18 
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5  H 

14 

5 

12-59 

4-66 

4  O  

32 

28-57 

C»«NH»0< 
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....  10000    ... 

10000 

Citraconimide  is  insoluble  in  cold  vfater^  but  is  dissolved  by  boiling 
water,  the  excess  melting  to  a  viscid  liquid,  while  the  greater  portion 
separates,  as  the  liquid  cools,  in  small  drops  which  afterwards  solidify. 
It  likewise  dissolves  to  a  certain  extent  in  cUcoholj,  nod  with  similar 
phenomena.  (Gottlieb,  Ann,  Pkarm,  77;  274.) 

Ciiraconamie  acid.  —  C^^^NH'O*.  —  Citraconimide  aissolvetj  in  boiling 
aqueous  ammonia  and  does  not  separate  out  on  cooling.  The  solution 
doubtless  contains  citraconamic  acid  in  combination  with  ammonia;  tbe 
process  does  not  however  yield  the  acid  in  a  state  oi  purity,  a«i  its  salts  do 
not  crystallise,  and  the  conversion  of  the  citraconimide  into  tae  ammonia- 
salt  does  not  appear  to  be  complete.  —  Tbe  haryta-saU  of  citraconamic 
acid  is  soluble  in  water,  and  is  precipitated  fiom  the  aqueous  solution  in 
yellow  flakes  by  alcohol.  While  moist,  it  fuses  readily  at  a  gentle  heat, 
but  in  the  dry  stato  it  remains  solid  at  100°.  — The  lead  and  silver  salts 
have  the  consisteuce  of  plaster  while  moist,  and  likewise  melt  when 
hot,  but  in  the  dry  state  they  are  as  infusible  as  the  baryta-salt.  All 
these  three  salts  have  a  yellow  colour.  (Gottlieb.) 
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Itaoonie  acid  does  not  appear  to  form  a  compound  analogous  to  otraronimide. 
When  itaconate  of  ammonia  is  heated  to  170*,  a  brownish  mass  is  obtained  resembling 
caramel  in  appearance,  having  a  sour  and  bitter  taste,  more  soluble  in  water  than 
citraconimide,  and  forming  a  verj  soluble  salt  with  ammonia.  This  compoand  is 
probabl^r  itaconamic  acid;  but  its  salts  are  extremely  difficult  to  purify.  (Gottlieb.) 


1.  CMoropyrocitryl.    C"H*0*,CP. 

Obtained  by  the  action  of  pentachloride  of  phosphonis  on  anhydrous 
citraoonic  acid  : 

CWHW,0»  +  PCl»  «  CWH<O^CP  +  Pa«02. 

When  the  rectified  liquid  product  of  the  dry  distillation  of  citric  acid  is 
poured  upon  pentachloride  of  phosphorns,  a  bri^ik  effervescence  is  pro- 
duced; and  the  mixture,  when  distilled,  yields,  first  oxychloride  of  phos- 
phorus, then  at  about  175%  chioropyrocitryl,  mixed,  however,  with 
anhydrous  citracouic  acid,  which  raises  its  boiling  point.  It  may  be  purified 
by  diatilling  it  two  or  three  times  with  pentachloride  of  phosphorns, 
collecting  only  the  portion  which  passes  over  between  175°  and  190*^,  and 
rectifying  the  product  thus  obtained. 

Trasparent,  colourless,  strongly  refracting,  mobile  liquid,  which  fumes . 
in  the  air,  and  has  an  odonr  like  that  of  damp  straw.     Sp.  gr.  about 
]'4  at   15^.     Boils  at   175"",  with  slight  decompojiition.    (Gerhardt  A 
Chiozza.) 

Cedcuhiion. 

10  C 600    35-97 

4  H 4-0    2-40 

2  CI    70-8    42-45 

4  0 320     1918 

C»«H*0«,C1« 166-8     10000 

When  exposed  to  a  moist  atmosphere,  it  is  converted  into  hydro- 
chloric and  nydrated  citraconic  acid.  —  Becomes  strongly  heated  by 
contact  with  absolute  alcohol;  and  water  added  to  the  mixture,  separates 
a  heavy  liquid,  having  a  fruity  odour,  and  exhibiting  the  characters  of 
citraconic  ether.  —  It  also  becomes  heated  by  contact  with  aniline, 
yielding  micaceous  lamins  of  itaconanilide.  (Gerbardt  &  Chiozza,  Compt, 
rend.  30,  105Qj  Ann,  Fharm.  87,  294.)  IT. 


Pyromeconic  Acid. 

Sbrturner.     Gilb.  57,  153. 

HoBTdUET.     Ann,  Chim.  Phyz.  5,  282;  also  Oilb.  57,  173.  ^Ann,  Chim. 

Fkys,  51,  236;  also  J,  Fharm.  10,  61;   also  JSchw.  67,  382;   also 

Ann.  Fharm.  5,  90. 
Choulant.     Oilb.  50,  349. 
JoHx>.     jBerl.  Jahrb.  1819,  156. 
STENU0U8B.     FhU.  Mag,  J,  24.  128;   also  Mem,  Ghem.  Soc.  2,  1;  aleo 

wVnn,  Fharm.  49,  18;  also  J,  pr.  Chem,  82,  2i57. 
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J.  P.  Brown.  Phil,  Mag.  J.  [4],  4,  161;  Ann.  Fharm,  84,  32;  abstr. 
Ckem.  Soc.  Qu,  J,  6,  78;  J.  pt\  Chem.  58,  230;  Fharm.  Centr.  1852, 
945;  y,  Ann.  Chim.  Pht/s.  38,  115;  Jaliresber.  1852,  489.  —  Farther: 
^d.  Phil.  Trans,  21,  i,  49;  PML  Mag.  J.  [4],  8,  201;  Ann.  Pkarm. 
92,  321;  J.  pr.  Ckem.  63,  370;  Pkarm.  centr.  1854,797;  Jahreder. 
1854,  424. 

Discovered  bj  Serturnor  in  1817,  but  regarded  as  dcntical  with 
ineconic  acid,  till  Robiquot,  iu  1833,  pointed  out  the  difference. 

Formation.  Given  off  as  vapour,  when  mcconio  acid  (Serttimor)  or 
comenic  acid  (Robiquet)  is  heated  to  265"* — 288°  (Stenhouse),  or  when 
acid  meconate  of  copper  is  boated  per  se  (Stenhouse),  or  when  nieconate 
of  baryta  is  heated  with  excess  of  vitrified  boracic  acid.  (Choulant.) 

Preparation.  By  distilling  any  of  the  above-mentioned  substances. 
The  acid  partly  sublimes,  partly  distils  over  as  an  oil,  which  solidifies  on 
cooling;  towards  the  end  of  the  distillation,  parameconic  acid  passes 
over.  (Stenhouse.)  —  The  meconic  acid  must  be  thoroughly  dried  before 
sublimation,  because  fho  watery  vapours  carry  oveir  a  large  quantity  of 
pyromcconic  acid;  and  it  must  not  bo  heated  suflliciently  to  produce 
empyreumatic  oil.  (Robiquet.)  —  The  sublimed  and  distilled  pyromeconic 
acid  must  be  freed  from  empyreumatic  oil  and  acetic  acid,  by  a  second 
sublimation  at  the  lowest  possible  temperature,  pressure  between  paper, 
and  repeated  crystallisation  from  hot  water  or  alcohol  (Robiquet,  Sten- 
house), after  which  the  crystals  must  be  quickly  dried,  because  while 
iiioist  they  turn  red  on  exposure  to  the  air.  (Stenhouse.)  Choulant  sub- 
limes a  finely  divided  mixture  of  impure  meconate  of  baryta  and  an' 
equal  quantity  of  vitrified  boracio  acid.  Brown  prepared  M^e  acid  by 
distilling  impure  meconic  acid  (obtained  by  twice  treating  crude  meconate 
of  lime  with  hydrochloric  aoid)  at  260^  to  315°,  and  purified  the  resalting 
oily  semifluid  sublimate  by  pressure  between  paper  and  sublimation  at  a 
comparatively  low  temperature,  in  a  glass  cylinder  provided  with  trans-* 
erse  partitions  of  filtering  paper. 

Properties.  As  obtained  by  sublimation:  Long  slender,  transparent 
colourless  needles  (SertUruer^,  and  four-sided  laminea,  or  ramifications 
made  np  of  elongated  octohearons  (Robiquet);  large  transparent  tables. 
(Brown.)  Crystallised  from  alcohol:  large  colourless  crystals  (Sten-. 
house);  tolerably  largo  four-sided  prisms,  which  are  also  obtained  from 
the  aqueous  solution.  (Brown.)  The  acid  melts  at  ]20°  to  125°,  forming 
an  oil,  and  by  careful  heating  (at  a  temperature  but  little  above  the 
melting  point,  according  to  Wackenroder,  iV.  Br.  Arch.  25,  170),  may  bo 
volatilised  without  residue,  and  sublimes  in  crystals  aggi'egated  together 
by  incipient  fusion.  (Robiquet.)  Volatilizes  gradually  but  completely  at 
100°,  provided  it  is  free  from  parameconic  acid.  Tastes  sour  (Sertiirner, 
John,  Choulant),  then  disagreeably  bitter.  (Choulant.)  Reddens  litmus 
(Robiquet),  pretty  strongly  (Wackenroder),  almost  imperceptibly,  so  that 
a  very  small  quantity  of  potash  gives  it  an  alkaline  reaction.  (Stenhouse.) 
Has  a  slight  acid  reaction,  even  after  being  thrice  recrystallised  from 
water.  (Brown.) 
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Isomeric  with  pyromucic  acid.  [The  difference  maj  perhaps  be  explaiiied,  if,  as 
has  here  been  done,  we  regard  nyromncic  acid  as  a  monobasic  acid,  C^H^O^,0\  and  pyro- 
roeconic  acid  as  an  aldide  C'^HOSO*.  This  view  is  supported  by  the  fact  that  pyro- 
meconic  acid  scarcely  reddens  litmus  and  does  not  combine  witli  ammonia  or  poiasb, 
whereas  pyromucic  acid  behaves  like  a  strong  acid.]  —  The  crystals  analysed  by  Brown 
were  once  sublimed  and  dried  in  Tacuo. 

DecomposUtotis.  1.  Pjromeconate  of  potasli  behaTes  witL  hrowune 
like  pjromucate  of  potash.  (Oahours,  p.  384.)  H.  Bromine-water  is 
qnickly  absorbed  by  an  excess  of  the  strong  aqueous  solution  of  pyro- 
meconic  acid^  and  the  resulting  solution  yields,  after  a  while,  crjstais  of 
tromopyromec(mic  acid,  C^^H'BrO^  If  the  bromine  water  is  in  excess, 
this  acid  is  not  formed,  and  the  liquid,  when  evaporated,  turns  black,  and 
is  found  to  contain  oxalic  acid.  (Brown.)  —  2.  Chlorine  does  not  form 
any  substitution-product  with  pyromecotiic  acid,  but  decomposes  it  com- 
pletely, with  formation  of  oxalic  acid  and  other  products.  —  3.  The  acid 
IS  not  acted  upon  by  tincture  of  Iodine;  but  with  protobromide  or  proto« 
obloride  of  iodine^  it  yields  iodopyromeconic  acid  (p.  443): 

QioH^o*  +  Id  -  C»H»IO«  +  HCU 

It  appears  that  the  iodine,  though  capable  of  taking  the  place  of  an  atom 
of  hydrogen  iu  the  acid,  has  not  a  sufficiently  powerful  affinity  for  the 
hydrogen  to  abstract  it  in  the  form  of  hydriodio  acid;  but  by  combining 
the  iodine  with  bromine  or  chlorine,  whose  affinity  for  hydrogen  is  strongerj 
the  removal  of  an  atom  of  hydrogen  is  eflocted,  and  the  iodine  takes  its 
place.  —  With  excess  of  ciiloride  of  iodine,  pyromeconio  acid  forms 
tacfewecon«  C'H*I*0'  (Brown.): 

C»H<0«  +  8ia  +  8H0  -  C«Hn80«  +  4C0=  +  8HCU 

4.  Crystallised  pyromeconio  acid,  moistened  with  strong  Nitric  add, 
becomes  white  and  gelatinous,  with  evolution  of  nitrous  fumes;  and  on 
gently  heating  the  mixture,  a  brisk  action  takes  place,  with  formation  of 
oxalic  and  hydrocyanic  acid.  (Brown.)  IT. 

Comhinaitiona,     The  acid  dissolves  readily  in  water. 

Sulpharic  acid  has  no  action  upon  it  in  the  cold,  but  dissolves  it  when 
gently  heated,  forming  a  solution  from  which  the  pyromeconio  acid 
orystallises  out  unaltered  on  cooling.  (Brown.) 

Pyromeconio  acid  does  not  combine  with  ammonia^  potash,  or  soda. 
The  pale  yellow  mixture  which  it  forms  with  excess  of  ammonia,  yields, 
when  evaporated  in  vacuo,  crystals  of  the  unaltered  acid,  free  from 
ammonia.  A  solution  of  the  acid  in  hot  alcohol  assumes  a  pale  yellow 
colour  when  mixed  with  alcoholic  potash,  and  on  cooling  deposits  crystals 
of  the  acid,  which  contain  but  very  little  potash,  and  may  be  freed  even 
from  this,  all  but  a  trace,  by  repeated  crystallisation.  (Stenhouse.)  The 
acid  requires  very  little  potash  to  neutralise  it,  and  crystallises  from 
the  mixture  nearly  pure.  (Robiquet.)  A  hot  aqueous  solution  of  pyro- 
meconio acid,  mixed  with  excess  of  strong  potash-solution,  deposits,  after 
a  while,  crystals  of  the  unaltered  acid;  and  similarly  with  ammonia;  in 
both  cases  the  liquid  turns  black.  (Brown.)  On  the  other  hand,  Choulant  and 
John  describe  crystallisable  pyromcconates  of  ammonia,  potash,  and  soda. 

The  acid  does  not  precipitate  the  salts  of  baryta,  strontia,  or  lime. 
(Stenhouse.)  It  forms  no  precipitate  with  chloride  of  barium,  chloride 
of  calcium,  chloride  of  manganese,  or  sulphate  of  magnesia^  even  on 
addition  of  a  small  quantity  of  ammonia.  (Brown.) 
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•  IT.  TyromHwiaie  of  Baryta,  —  A  warm  ammoniacal  solntion  of  pyro- 
niecotiic  acid,  mixed  with  acetate  of  baryta,  soon  deposits  pyromeco- 
nate  of  baryta  iu  small,  colourless,  silky  needles.  In  dilate  solutions, 
these  crydttils  do  not  appear  till  after  some  time,  but  increase  rapidly 
when  they  have  once  begun  to  form.  When  the  solution  is  evaporated 
in  vacuo,  the  salt  is  deposited  in  short  prisms  of  a  yellowish  colour.  It 
is  strongly  alkaline,  like  all  the  pyromeconates,  and  exhibits,  with  sesqui- 
chloride  of  iron,  a  faint  red  colour,  which  becomes  more  distinct  on  using 
the  crystals  instead  of  the  solution.  The  salt  sustains  a  temperature  of 
100^  without  loss  of  weight,  but  bums  at  a  higher  temperature,  with  a 
slight  appearance  of  fire,  and  without  previous  fusion.  Dissolves  in 
40  pts.  of  water  at  15*5^,  and  is  the  most  soluble  of  all  the  earthy  salts  of 
pyromeconio  acid.     Slightly  soluble  in  alcohol.  (Brown.) 

WMhtd  with  alcohol  and  dried  ai  100^  Brown. 

BaO 76-6     ....     40-59  40-55 

IOC    600    ....     31-82  31-46 

4  H  4-0     ....       2-12 2-43 

6  0  48-0     ....     25-47  25*56 

C»H»PbO«,Aq 188-6    ....  lOO'OO    100*00 

Pyrocomenate  of  Strontia,  —  When  an  alcoholic  solution  of  nitrate 
of  strontia  is  mixed  with  an  alcoholic  and  ammoniacal  solution  of  pyro- 
meconio acid,  a  precipitate  is  immediately  formed,  consisting  of  small 
silky  needles,  which,  by  solution  in  water,  are  obtained  in  stellate  groups 
havinff  a  yellowish  colour.  The  salt  obtained  by  precipitation  is  colour- 
less, slightly  soluble  in  water  and  alcohol  in  the  cold,  more  easily  at 
higher  temperatures,  and  has  a  strong  alkaline  reaction.  Dissolves  in 
76*9  pts.  of  water  at  20°.  Does  not  lose  weight  at  lOO"*:  does  not  melt 
at  higher  temperatures,  but  bums  with  a  slight  explosion.  (Brown.) 

Dried  at  100«.  Brown. 

SrO  52  ....  31-64  31-49 

10  C  60  ....  36  62  36-16 

4H 4  ....  2-44  2-74 

6  0 48  ....  29-30  29-61 

C«>H»SrO«,Aq 164     ....  10000     10000 

Pyr(ymeconaie  of  Lime.  —  The  solution  of  hydrate  of  lime  in  the 
warm  aqueous  acid,  deposits  the  lime-salt  as  it  cools  in  white  hard  crys- 
tals. (Stenhouse.)  —  The  salt  is  obtained  in  small,  colourless,  silky 
needles,  by  adding  an  excess  of  a  solution  of  acetate  of  lime  to  au 
ammoniacal  solution  of  pyromeconio  acid.  Sparingly  soluble  in  boiling 
alcohol,  somewhat  more  readily  in  water,  from  which  it  separates  on 
cooling  in  crystals  of  considerable  size.     Dissolves  in  322*6  pts.  of  water 

at  15*5°.  (Brown.) 

Dried  at  100*.  Brown. 

CaO   28     ....  20-00  20*44 

10  C  60     ....  42*85  42-94 

4  H  4     ....  2-85  2-60 

6  O 48     ..■■  34*30  34-02 

C»H»CaO«  +  Aq 140     ....  10000     100*00 

' Tyromeconate  of  Magnesia.  —  A  warm  aqueous  solution  of  pyro- 
meconio acid  form%  with  acetate  of  magnesia,  a  whit^  aniorphous  preci- 
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pitate  insoluble  in  water  and  alcohol.  Resembles  the  other  pyromeconafces. 
(Brown.) 

Dried  at  100®.  Brown. 

MgO 20  ....  16-26     16-53 

IOC  60  ....  48*78     48-37 

3  H 3  ....  2  44     2-76 

6  O  40  ....  32-52     32-34 

CiOH3MgO«   123     ....  10000     100*00        % 

Pyromeconate  of  Lead,  —  The  acid  does  not  precipitate  neatral 
acetate  of  lead  (Rooiquet),  or  the  basic  acetate.  (Stenhouse).  On  digest- 
ing the  aqueous  acid  with  hydrated  oxide  of  lead,  the  pytomeconate 
separates  as  the  liquid  becomes  saturated.  (Robiquet.)  A  warm  con- 
centrated ammoniacal  solution  of  pyromeconic  acid,  added  to  neatral  - 
acetate  of  lead,  instantly  throws  down  a  dense  crystalline  powder,  which 
increases  rapidly  on  stirring  the  liquid.  The  salt  is  colourless  when 
first  precipitated,  but  soon  turns  yellow  when  exposed  to  bright  daylight. 
Does  not  diminish  in  weight  at  100°,  eren  in  three  or  foar  hoars.  The 
crystals  require  a  rather  large  quantity  of  hot  water  to  dissolve  them;  in 
alcohol,  whether  warm  or  cold,  they  are  still  less  soluble.  (Brown.)  The 
salt  is  nearly  insoluble  in  water,  but  dissolves  in  pyromeconic  and  acetic 
acid.  (Robiquet.) 

PbO 

IOC 

3H 

6  O 


Robiquet.        Brown. 

112     .. 

..     52-09     .. 

51-70     ....     52-02 

60     .. 

..     2790     .. 

28-62     ....     28-12 

3     .. 

1-40     .. 

1-36     ....       1-65 

40     .. 

..     18-61     .. 

18-32     ....     18-21 

C'OiPPbO"   215    ....  10000    10000    ....  10000 

Fei'rtc  Pi/romeconate.  —  Pyromeconic  acid  imparts  a  cherry-red  colour 
to  ferric  salts.  (Sertiirner.)  The  colobr  is  not  destroyed  by  boiling;  * 
and  but  slowly  by  chloride  of  soda.  (Wackenroder.)  Ferric  hydrate, 
boiled  with  the  aqueous  acid,  combines  with  it,  and  forms  a  brown-red 
powder,  which  dissolves  very  sparingly  i«  pure  water,  but  easily  in  hot 
water  slightly  acidulated,  forming  a  dark  red  liquid,  which  deposits 
small  scarlet  crystals  on  cooling.  The  finest  crystals  are  obtained  by 
mixing  a  boiling  and  rather  dilute  solution  of  pyromeconic  acid  with 
ferric  sulphate,  and  leaving  it  to  cool  very  slowly.  The  crystals  are 
brittle,  yield  a  scarlet  powder,  and  dissolve  very  sparingly  in  waier, 
either  cold  or  hot,  forming  a  reddish  yellow  solution.  (Stenhoose.)  The 
salt  may  be  also,  and  perhaps  more  conveniently,  prepared  by  adding 
scsquichloride  of  iron  to  a  hot  concenti-ated  aqueous  solution  of  the  acid; 
vermillion-colonred  crystals  are  then  gradually  deposited,  which  adhere 
closely  to  the  bottom  and  sides  of  the  vessel.  (Brown.) 

CrystaU.  Stenhoose.      Brown. 

Fe»03  80  ....  20  57  2006     ....     20*21 

30  C 180  ....  46-27  4680 

9  H  9  ....  2-31  2-43 

15  0 120  ....  30-85  30-71 

C»H9Fc?0" 389    ....  10000    10000 

Cupric  FyromeconcUe.  —  The  aqueons  acid  boiled  for  a  short  time 
with  excess  of  hydrated  cupric  oxide,  yields  a  pale  green  filtrate,  which, 
on  cooling,  deposits  long,  slender,  emerald-green,  very  fragile  needles, 
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which  do  not  lose  weight  at  100^,  and  dissolve  very  sparingly  in  boiling' 
water,  or  in  alcohol  either  hot  or  cold.  (Stenhouse.)  —  Brown  prepared 
the  salt  by  mixing  aramonio-cnpric  sulphate  with  a  warm  aqueous  solu- 
tion of  pyromeconic  acid. 


CaO 

IOC 

3  H 

CrysiaU, 

40 

60 

3 

....     27-97     .. 

....     41-96     .. 

2-10     .. 

....     27-97     .. 

Stenhouse. 

27-40     .... 

42-22 

2-21 

28-17 

Brown. 
27-66 

• 

5  0 

40 

CWH'CuOs  ;... 

143 

....  100-00     . 

10000 

^ 

With  mercuric  chloride,  pyroraeconic  acid  forms,   after  a  while,  a 
white,  amorphous  precipitate,  which  redissolves  on  boiling.  (Brown.)  ' 

Pi/romeconate  of  Silver,  —  Pyrouleconic  acid  does  not  precipitate 
nitrate  of  silver,  but  reduces  part  of  the  metal  on  boiling.  When  a 
few  drops  of  ammonia  are  added  to  a  cold  mixture  of  the  acid  and  the 
silver-solution,  a  pale  yellow  gelatinous  precipitate  is  immediately  formed, 
which  contains  51*8  p.  c.  (1  At.)  silver-oxide;  assumes  a  dark  brown 
colour,  even  in  vacuo;  burns  faintly  when  heated;  and  dissolves  to  a 
certain  extent  in  cold  water  and  alcohol.  —  Oxide  of  silver,  immersed  in. 
a  cold  aqueous  solution  of  the  acid,  combines  with  it,  and  forms  a  heavy 
salt,  which  dissolves  very  sparingly  in  cold  water;  decomposes  with  black 
colouring,  even  in  the  cold ;  and  when  boiled  with  water,  coats  the  sides 
of  the  test-tube  with  silver,  without  giving  off  any  gas.  (Stenhouse.) 

Pvromeconic  acid  disaolves  in  alcohol  still  more  readily  than  in  water. 
(Robiquet,  Stenhouse.) 

It  dissolves  in  ether  (John),  and  in  rock-oil,  (Chonlant.) 

It  does  not  form  a  compound  ether  when  heated  with  alcohol  and 
sulphuric  acid.  (Stenhouse.) 


%.    c.    Iodine-nucleus,    C*H^10K 

lodopyromeconic  Acid. 

J.  F.  Brown.     Bd,  Phil,  Tmns.  21,  i.  49;  Phil.  Mag,  J,  8,  201;  Ann.' 
Pharm,  92,  321. 

Formation  and  Preparation,  By  the  action  of  protobromide  or  proto- 
chloride  of  iodine  on  pyromeconic  acid  (p.  440).  A  recently  prepared  solu- 
tion of  protochloride  of  iodine*  is  mixed  with  a  solution  of  pyromeconic 
acid  saturated  in  the  cold,  whereupon  the  liquid  immediately  becomes 
decolorised,  and  deposits  a  considerable  quantity  of  iodopyromeconic  acid 

in  the  form  of  thin  plates.  —  if  the  solution  of  pyromeconic  acid  has  been  satu* 
rated  while  hot,  or  if  the  chloride  of  iodine  is  in  excess,  the  action  goes  too  far.  — -, 

*  The  protochloride  of  iodine  is  obtained  by  the  action  of  chlorine  gas  on  iodine 
suspended  in  a  small  quantity  of  watsr,  the  liquid  being  kept  cold  and  the  action  being 
stopped  before  the  iodine  is  completely  dissolved.  —  The  protobromide  is  obtained  by 
agitating  bromine-water  with  excess  of  iodine^  and  decanting  the  reddish-brown  liquid. 
(Brown.) 
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These  crystals  are  collected  after  a  while  on  a  filter,  washed  with  cold 
water,  and  then  dissolved  in  boiling  alcohol,  from  which  solution  the 
acid  separates  on  cooling  in  colourless  shining  plates;  from  boiling  water 
it  crystallises  in  long  thm  needles,  having  a  slight  acid  reaction. 

Dried  a/ 100^  Brown, 

10  C  60  ....  25-32  ....  25-50 

3  H 3  ....  1-26  ....       1-48 

I   126  ....  5317  ....  52-91 

6  O  48  ....  20-25  ....  20-11 

CWH»IO«  237     ...  100-00    ....  10000 

The  crystals  do  not  lose  weight  at  100°,  bnt  melt  at  a  higher  tempe- 
rature, forming  a  black  liquid,  which  then  suddenlv  decomposes,  giving 
off  a  lam  quantity  of  iodine-vapour.  The  acid  is  decomposed  by  strong 
nitric  acid,  with  separation  of  iodine. 

It  dissolves  sparingly  in  cold,  abundantly  in  boiling  water.  Alkalis 
and  acids  increase  its  solubility  in  water,  but  boiling  with  strong  potash- 
solution  decomposes  it.  The  aqueous  solution  imparts  a  deep  purple 
colour  to  sesquichloride  of  iron,  and  forms  with  nitrate  of  silver  a  yel« 
lowish  white  precipitate,  soluble  in  ammonia. 

£aryta-$aU.  —  On  mixing  an  alcoholic  solution  of  the  acid,  rendered 
slightly  alkaline  by  ammonia,  with  an  alcoholic  solution  of  acetate  of 
ba^ta,  iodopyromeconate  of  baryta  quickly  separates  in  delicate  crystals, 
which  have  an  alkaline  reaction,  do  not  lose  weight  at  1 00°,  and  dissolve 
bnt  sparingly  in  water  and  alcohol,  either  hot  or  cold. 

CryMU  dried  at  li^O^  Brown. 

BaO  76-6    ....  24-42    . .    2384 

IOC  60-0    ....  1913 

3  H  30    ....  0  96 

I    1260    ....  40-18 

6  O  48-0    ....  15-31 

C»H>BaIO< -I- Aq 313*6    ....  10000 

Lead-iaU.  ^  A  mixture  of  the  alcoholic  solutions  of  iodopyromeconic 
acid  and  neutral  acetate  of  lead,  yields  this  salt  on  addition  of  a  small 
quantity  of  ammonia,  in  the  form  of  a  colourless  amorphous  precipitate, 
which  may  be  freed  from  excess  of  oxide  of  lead  by  digestion  in  warm 
acetic  acid. 

Air-dried,  Brown. 

FbO  112  ....  32-94    33-03 

10  C  60  ....  17-65 

2H 2  ....      0-59 

I    126  ....  3706 

5  O  40  ....  11-76 

CWH'PblO«  340    ....  100-00 

Iodopyromeconic  acid  dissolves  sparingly  in  cold,  readily  in  boiling 
alcohol,     (Brown.) 
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Appendix  to  lodopyromecomc  Acid, 

lodomecone.    c*H*iw. 

J.  P.  Brown*    Ann.  Phartn.  92,  324. 

Fonned  by  the  action  of  an  excess  of  chloride  of  iodine  on  pyrome- 
couic  acid  (p.  440),  or  on  meconic  or  comenic  acid,  which  differ  in  com- 
position from  pjrromeconic  acid,  only  by  the  elements  of  carbonic  acid  : 

JDWH*0»  +  8ICI  +  8H0  -  C«H*I>0»  +  4C0»  +  8HC1. 

When  pyromeconic  acid  is  acted  upon  by  a  quantity  of  chloride  of 
•  iodine  larger  than  is  required  to  form  iodopyromeconic  acid,  the  liquid 
turns  yellow  and  iodomecone  is  produced;  and  if,  after  separation  of 
the  undecomposed  iodopyromeconic  acid,  potash  be  gradually  added  to 
the  liquid,  a  black  precipitate  is  formed  which  redissolves  on  agitation; 
on  adding  more  potash,  a  point  is  attained,  at  which  the  precipitate 
exhibits  a  lighter  colour,  no  longer  redissolves  on  agitation,  and  is  no 
lonffer  increased  by  further  addition  of  potash.  The  precipitate  is  then 
to  be  separated  from  the  liquid  by  filtration,  washed  with  cold  water, 
and  purified  by  repeated  crystallisation  from  boiling  alcohol. 

Iodomecone  crystallises  in  shining,  yellow,  six-sided  tables;  smells  like 
saffron;  is  neutral  to  rentable  colours;  sublimes  without  decomposition 
considerably  below  100  •  Altogether,  its  properties  resemble  those  of 
iodoform. 


6  C  

36 

3'29    . 

0-36  . 
....  91*97  . 
....      4-38    . 

Brown. 
3*34 

4  H 

4 

0-44 

8  I   

6  0  

1008 

48 

91-97 

4-25 

CHnw 

1096 

....  10000    . 

100-00 

Iodomecone  is  decomposed  with  violence  by  strong  nitric  acid.  Oil 
of  vitriol  does  not  act  upon  it  in  the  cold,  but  decomposes  it  when 
heated,  with  separation  of  iodine.  Caustic  potash  boiled  with  it  for 
some  time  extracts  a  small  quantity  of  iodine. 

It  is  insoluble  in  water  and  in  hydrochloric  acid,  and  is  not  decom- 
posed by  the  latter,  even  at  a  boihng  heat.  Dissolves  in  alcohol  and 
ether,  (Brown.) 

f .    d.    Sromine-nueleut.    C"H*BrO*. 

Bromopyromeconic  Acid. 

CwH>BrO«  =  C"H»BrO*,0*. 

J.  P.  Brown,    Ann.  Pharm.  84,  41, 

Formed  by  the  action  of  bromine  on  pyromeconic  acid  (p.  440). — 
When  bromine- water  is  added  to  a  strong  aqueous  solution  of  pyrome- 
conic acid,  the  latter  being  in  excess,  the  bromine  is  quickly  absorbed, 
and  there  remains  a  colourless  liquid,  which,  after  standing  for  an  hour 
or  less,  deposits  bromopyromeconic  acid  in  beautiful  small  colourless 
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Srisms.     If  the  bromins  water  is   in  excess,  this  add  is  not  prodaced.      From 
oiling  alcohol  the  acid  ctystallises  in  fibrous  plates,  or  if  the  solation  be 
slowly  cooled,  in  short  prisms.     It  reddens  litmus  slightlj. 


10  c  

60 

3 

•  •••    OX  4X    •••) 

....   1-57  ... 

....   4x-o!f   ...I 

....  25-13  ... 

Brown* 
31-93 

3  H 

205 

Br 

6  0 

SO 

48 

41-34 

24-68 

C'0H3BrO« 

191 

....  100-00  ... 

100-00 

The  acid,  when  subjected  to  dry  distillation,  melts,  bfaickens,  and 
^ives  ojQT  a  large  quantity  of  hydrobromic  acid;  and  if  the  l^eat  be  long 
continued,  a  white  crystalline  substance  begins  to  collect  in  the  cold 
part  of  the  tube.  Nitric  acid  decomposes  bromopyromeconio  acid  with 
eflervescence;  sulphuric  acid  dissolves  it  without  visible  decomposition. 

The  acid  dissolves  sparingly  in  cold,  somewhat  more  readily  in  hot 
water.  —  The  solution  does  not  precipitate  chloride  of  barium,  chloride 
of  calcium,  or  sulphate  of  magnesia,  even  in  presence  of  ammonia. — 
With  ferric  salts  it  yields  a  deep  purple-red  colour,  quite  different  from 
the  red  tint  produced  by  pyromeconic  acid. — With  ammonio-cupric 
sulphate  it  forms  no  precipitate  in  the  cold,  but  on  heating  the  liquid,  a 
bluish  precipitate  is  formed.  —  The  acid  does  not  form  any  precipitate 
with  nitrate  of  silver;  neither  does  it  reduce  the  oxide  to  metallic  silver 
at  a  boiling  heat. 

Lead-salt  A  warm  alcoholic  solution  of  the  acid  forms  with  an 
alcoholic  solution  of  acetate  of  lead,  a  white  precipitate,  consisting  of 
small,  closely  aggregated  crystalline  needles,  which  quickly  settle  down 
to  the  bottom  of  the  vessel.  The  salt  may  also  be  obtained  by  mixing 
the  aqueous  solutions  of  the  acid  and  of  acetate  of  lead,  with  addition 
of  ammonia;  but  it  is  then  strongly  coloured. 

Brown. 

PbO 112    ....     36-97     36-48 

IOC  60    ....     19-80    20-57 

3  H 3      ...       0  99     0-85 

Br 80    ....     26-40    

6  0 48    ....     15-84 

CWHTbBrO'pAq 303     ....  10000 

The  salt  could  not  be  parifled  by  recrystallisation,  on  account  of  its  insolobilitj  ii| 
water  and  alcohol :  it  was  tiierefore  carefally  washed  with  alcohol.  (Brown.)    f . 


(*.    Amidoffenrfvadei, 
%.     «,     Amidogen-nucletu,     C^^AdH^ 

Piperidine* 

C^^NH"  =  e^AdH^Hl 

Anderson.  Heport  of  the  Twentieth  Meeting  of  the  Brii.  Astoe,,  1850, 
J\^otic.  and  Abstr.  47;  Ann,  PAa;TO.  84,  345;  Jahretbei\  1852,  545. 

Cahodrs.  Ann,  Chim.  Fhyn.  98,  76;  Chem,  Soe,  Qu,  J.  S,  175;  abstr, 
Ann.  Fharm.  84,  342;  Jahretber,  IB52,  546. 
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Anderson  ebowed  in  1850  that  piperine  and  other  organic  alkaloids, 

treated  first  with  nitric  acid  and  then  with  potash,  yield  volatile  bases; 

afterwards,  in  1852,  he  examined  more  particularly  the  base  obtained 

in  this  manner  from  piperine,  and  determined  its  composition  by  the 

analysis  of  the  platinum-salt.  —  Cahours  showed,  somewhat  later,  but 

independently  of  Anderson,  that  the  same  base  is  obtained  by  heating 

piperine  with  potash-lime.  Rochleder  &  Wertheim  bad  previously  shown  that 
piperine  yields  a  volatile  oily  base  when  heated  with  soda-lime ;  but  they  found  this 
base  to  possess  the  properties  of  picoline,  aod  r^arded  it  as  a  pseudo-salt  contaiuing 
the  elements  of  picoline  united  with  a  quaternary  group  of  »toms. 

^Preparation,  I.  When  I  pt.  of  piperine  is  distilled  with  2^  to  3  pts. 
of  potaeh-lime  in  a  retort  connected  with  a  cooled  receiver,  a  distillate 
is  obtained,  consisting  of  water,  two  distinct  volatile  bases,  and  a  neutral 
substance  having  an  agreeable  aromatic  odour.  When  this  crude  liquid 
i$  treated  with  fragments  of  caustic  potash,  a  light  oily  substance  sepa- 
rates, haviug  a  strong  ammoniacal  odour,  and  dissolving  in  water  in  all 
proportions.  This  oil,  when  distilled,  passes  over  almost  wholly  between 
105''  and  108°;  but  towards  the  end  ofJ;he  distillation,  the  thermometer 
rises  quickly  to  ^0°,'  and  there  remains  stationary.  The  more  volatile 
product,  which  forms  more  than  VV  of  the  crude  liquid,  distils  over 
entirely  at  106°,  nvhen  rectified.  This  liquid  is  piperidine.  (Cahours.)  — 
2.  Piperine,  treated  with  nitric  acid,  evolves  red  fumes,  and  forms  a 
substance  having  an  odour  of  bitter  almond  oil,  and  a  brown  resin, 
which  dissolves  with  blood-red  colour  in  potash,  and  when  boiled  with 
that  substance,  yields  piperidine,  in  the  form  of  a  volatile  liquid. 
(Anderson.)   . 

Fi'opei'ties,  Colourless,  very  limpid  liquid,  having  a  strong  ammo- 
niacal odour,  but  recalling  also  that  of  pepper,  and  a  very  caustic  taste 
(Cahours);  peculiar  aromatic  odour.  (Anderson.)  Blues  reddened  litmus 
strongly.     Boils  at  106°.     Vapour  density  2*958.  (Cahours.) 

Cahours. 

•10  C  60  ....  70-58  70-41 

N 14  ....  16-48  16-60 

'  11  H  11  ....  12-94  1301 


C»<>NH» 85  ....  100-00  10002 

Vol.  Density. 

C-Tapour  10     ....  4*1600 

N-gas 1     ....  0-9706 

H-g8s 11     ...  0-7623 


Vapour 2     ....     5-8929 

1     ....     2-9464 

fH  1 

rCahours  rejrards  this  compound  as  an  imidogen»base  of  the  formula  N '  CW         > 

in  other  words,  he  supposes  it  to  contain  only  1  At.  H.  replaceable  by  an  organic  radical. 
This  view  appears  to  be  supported  by  the  action  of  Iodide  of  methyl  on  methylopipe- 
ridine  (p.  448). 

Decompositions.  —  1.  Nitrous  acid  acts  violently  on  piperidine,  form* 
ing  a  heavy  aromatic  liquid,  which  however  was  not  obtained  in  sufficient 
quantity  ior  analysis.  From  the  results  obtained  by  the  action  of 
nitrous  acid  on  aniline  (see  next  vol.),  it  is  probable  that  the  compound 
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C«H»oO*  is  first  formed,  and  afterwards  C^XHW.  — 2.  Vapour  of 
cyanic  add  passed  into  piperidine  fonns  piperidie  urea ; 

C«>NH"  +  (WHO*  «  C»N«H>K)». 

Cyctnaie  of  methyl  and  cyanaU  of  ethyl  form  similar  eompounds,  with. 
1  H  replaced  bj  1  At.  methyl  or  ethjl.  —  3.  Iodide  of  methyl  added  to 
piperidine  forms  the  hjrdriodate  of  methylopiperidlne,  CNH^^(CH'). 
Similar  substitution- compoauds  are  formed  bj  the  iodides  of  etJiyl  and 
amyl;  also  by  chloride  of  benzoyl,  chloride  of  cumyl;  and  apparently  also 
by  chloride  ofacetyL  (Cahonrs.) 

Combinations.  Piperidine  dissolves  ia  all  proportions  in  Water, 
forming  a  strongly  alkaline  liquid,  which  behaves  with  saline  solutions 
like  ammonia,  excepting  that  it  does  not  redissolve  the  oxides  of  zine 
and  copper. 

Piperidine  saturates  the  strongest  acids,  and  forms  crystalline  salta 
with  sulphuric,  hydriodic,  hydrobromic,  hydrochloric,  nitric,  and  oxalic 
acids.  (Cahonrs.) 

Sulphate  of  Piperidine,  C"NH",HO,SO'  is  obtained  by  saturating 
piperidine  with  sulphuric  acid.  It  is  crystallisable,  deliquescent,  and 
very  soluble  in  water.  A  solution  of  1  At.  of  this  salt,  boiled  with 
1  At.  cyanate  of  potash,  yields  sulphate  of  potash  and  a  compound 
analogous  to  urea : 

C»0NH",HSO*  +  C?NKO«  -  KSO*  +  C»N«H»0« 

Piperidie  urea. 

Sfdphoearbonate  of  Piperidine,  When  bisulphide  of  carbon  ia  added 
drop  by  drop  to  piperidine,  a  violent  action  takes  place,  and  the  mixture 
becomes  very  hot;  and  on  dissolving  the  resulting  solid  mass  (after  the 
sulphide  of  carbon  has  been  added  in  excess,  and  the  action  is  tenninated) 
in  alcohol,  and  leaving  the  solution  to  evaporate,  the  salt  separates, 
sometimes  in  slender  needles,  sometimes  in  symmetrical  oblique  prisms 
of  considerable  size.  (Cahonrs.) 

Cahoun. 


11  c  

N 

11  H 

66 

14 

11 

....        DiS   bw        t... 

....     11*38 
....    26*03    .... 

....    53*61 
....      8*90 

2  S  

32 

....    25*90 

C«>NH",CS> 123    ....  100*00 

Hydriodate  of  Piperidine,  -^  Crystallises  in  long  needles  resembling 
the  hydrochlorate.  (Cahonrs.) 

Cahours. 

10  C  60    ....    28*30    28*18 

N 14    ....      6-62 6*69 

12  H 12     ....       5-65     5*72 

I    126     ....     69-43 

C»ONH»  HI   212     ....  100*00 

Hydrochlorate  of  Piperidine,  —  Long  colourless  needles,  easily  soluble 
in  water  and  alcohol.  From  the  alcoholic  solution  the  salt  separates  in 
long  prisms  (Cahours);  in  needles  an  inch  long.  (Anderson.)  The 
crystals  volatilise  when  moderately  heated,  and  are  not  altered  by 
exposure  to  the  air. 
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IOC 
N 

12  H 
CI 


Cahonn. 

600    ....     49-38     .. 

4905 

140     .. 

..     11-52     .. 

11-65 

12-0     .. 

9-87     .. 

10-00 

35-4     .. 

..     29-23     .. 

2900 

C»NH",HC1 121-4    ....  100  00  99*70 

NUraU  of  Piperidine,  —  Obtained  by  satarating  tibe  base  with  weak 
nitric  acid,  and  evaporating  in  vacuo.  Small  crystalline  needles.  De- 
composes when  heated,  giving  off  vapours  which  have  an  aromatic  odour. 
Very  soluble  in  alcohol.  (Cahours.) 


IOC 
2N 

12  H 
60 


Cahonn. 

60 

....     40-54     .. 

40-68 

28 

....     18-90 

12 

....        o'll      •.< 

....«         o  ^4 

48 

....     32-45 

CWNH"0,NO* 148     ....  10000 

Chhroplatinate  of  Fiperidine.  —  Long  orange-coloured  needles,  very 
soluble  in  water,  less  soluble  in  alcohol.  (Cahours.) 


10  c   

60-0 

....    20-60    .. 
....       4-81     .. 
....       4-12     .. 
....     34-00     .. 
....     36-47     .. 

Cahours, 
20-45 

N  

12  H  

14-0 

12-0 

4-93 

4-22 

Pt 

3  CI 

990 

106-2 

36-45 

CWNH»,HCl,Pta« 291-2    ....  10000    99*86 

Oxalate  of  Piperidine.  —  Formed  by  saturating  piperidine  with  a 
solution  of  oxalic  acid.  Separates  by  evaporation  in  delicate  needles, 
which  may  be  obtained  pure  by  a  second  crystallisation. 


12  C  .. 

N.. 

12  H  .. 

4  0  . 


Cahours 

72 

....     55'38     ... 

55-58 

14 

....     10-77     ... 

10-84 

12 

....      y^o    ... 

9-39 

32 

....     24-62     ... 

24-19 

C>«NH»,C»HO* 130     ....  100-00    100-00 


Conjugated  Compounds  of  Piperidine. 

Metbylopiperidine. 

C»NH»  =  C»H«,C"AdH^H»  =  C»«nL?^,| 

Cahoitbs.     N.  Ann.  Chim.  Fky$.  ZS,  92;  Chem,  Soe,  Qu.  J.  6,  179. 

Formed  by  the  action  of  iodide  of  methvl  on  piperidine.  The  action 
is  very  violent,  so  that  it  is  necessary  to  add  the  iodide  of  methyl  drop 
by  drop,  and  keep  the  tube  cool;  otherwise  the  contents  will  be  thrown 
out  When  the  liquids  are  mixed  in  equal  volumes,  hydriodate  of 
metbylopiperidine  is  obtained^  in  a  beautifully  white,  crystalline  mass, 
VOL.  z.  So 
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which  18  soluble  in  water,  and  when  treated  with  potash  yields  methylo- 
piperidine  in  the  form  of  an  oily  liquid,  having  an  ammoniacal  odour 
like  that  of  piperidine,  but  more  aromatic  The  product  is  purified  by 
digestion  with  fragments  of  caustic  potash  and  subsequent  rectification. 

Colourless,  rery  mobile  liquid,  baring  an  ammoniacal  and  aromatic 
odour.     Boils  at  11 8^     Vapour-density  =  3'544. 

Calioim. 

12  C 72    ....    72-72 72-83 

N 14     ....     14-15    14-35 

13  H 13    ....     13-13    13-74 

C»NHW 99    ...    10000    100-92 

Vol.  Density. 

C-vapour  12  ....  4*9920 

N-gai    1  ....  0-9706 

Hgas    13  ...  0-9009 

Vapour  of  Methjlopiperidine        2     ....     6-6635 

1     ....    3-4317 

Methylopiperidine  dissolves  in  Water^  and  forms  crystallisable  com- 
pounds with  Addt. 

HydroMoraU,  —  Crystallises  in  beautiful  colourless  needles. 


12  C 
N 

14  H 
CI 


Cahoars. 

720 

....     53-13     ... 

52-91 

14-0 

....     10-33 

14-0 

....     10*33     .., 

10-43 

35-4 

....     26-21     ... 

26-31 

CWNHM,HC1 135-4    ....  10000 

C%Zorop2a^»na/«.  —  Hydrochlorate  of  methylopiperidine  forms  with 
bichloride  of  platinum,  a  double  salt,  which  is  soluble  in  water  and  still 
more  in  alcohol,  and  separates^  by  spontaneous  evaporation  of  the 
alcoholic  solution,  sometimes  in  needles^  sometimes  in  tables  of  a  fine 
orange-colour. 


12  C   

720 

....     23-59     ... 
....       4-59 
....       4-59     ... 
....     32-43     ... 
....     34-80 

Cahonn. 
23-77 

N  

140 

140 

% 

14  H  

4-63 

Pt  

3  CI  

990 

106-2 

32-40 

C«NH»HCl,PtCl* 

....  305-2 

....  10000 

MdhyJopiperidine  with  Iodide  of  MefhyL  —  Methylopiperidine  mixed 
with  iodide  of  methyl,  becomes  slightly  heated,  and  on  heating  the 
mixture  in  a  sealed  tube  placed  in  the  water- bath,  it  finally  solidifies  in 
a  crystalline  mass.  On  breaking  the  tube  after  a  few  days,  heating  to 
expel  the  excess  of  iodide  of  methyl,  dissolving  the  crystals  in  alci^ol, 
and  leaving  the  solution  to  evaporate,  it  yields  splendid  crystals,  which 
acquire  a  high  lustre  by  drying  between  bibulous  paper.  These  crystals 
when  distilled  in  a  retort,  partly  volatilise,  and  are  partly  resolved  into 
methylopiperidine  and  iodide  of  methyl.  The  same  decomposition  takes 
plaoe  when  the  crystals  are  distilled  with  fragments  of  pota^. 
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14  C  

84 

...»     od'UU     ••• 

....         O'otf       ... 

....      6-67    ... 
....     62-50 

Cahoun. 
34-90 

N 

16  H 

14 

16 

5-92 

6*75 

T    

126 

C»NH» C=H«1 240    ....  10000 


As  the  crystal! y  when  distilled  with  potash,  do  not  yield  any  distinct  organic  base, 
it  does  not  appear  possible  to  replace  more  than  1  At.  H.  in  piperidiue  by  methyl 
(see  p.  447). 


Etbylopiperidine. 

Cahours.    i\r.  Ann.  Chim,  Fhys.  38,  95;  Cfhem,  Soc.  Qu.  J,  6, 179. 

Formation  and  Preparation,  —  B^  the  action  of  iodide  of  ethyl  on 
piperidine.  The  mixing  of  the  two  liquids  is  attended  with  considerable 
rise  of  temperature,  though  not  so  great  as  with  iodide  of  methjl.  The 
mixtnre  must  however  be  made  with  caution,  and  the  vessel  kept  cool, 
to  avoid  projection  of  the  liquid.  On  heating  the  mixture  in  sealed 
tubes  placed  in  the  water-bath,  it  solidifies  in  a  mass  of  beautiful  white 
crystals  of  hydriodate  of  etbylopiperidine,  which,  when  decomposed  by 
potash,  yields  the  base. 

Properties.  Colourless,  very  mobile,  oily  liquid,  lighter  than  water; 
has  an  odour  like  that  of  piperidine,  but  less  ammoniacal  and  more 
aromatic.     Boils  at  128^     Vapoui -density  =  3*986. 

Cahoors. 

14  C  84  ....  74'33  74'16 

N 14  ....  12-40  12-59 

15  H 15  ....  13-27  13-19 

CWNH»* 113  ....  10000  99-94 

Vol.  Density. 

C-yapour 14  ....  5*8240 

N-gHfc    1  ....  0-9706 

H-gas    15  ....  1-0395 


Vapour  of  Etbylopiperidine....       2     ....     7*8341 

1     ....     3*9170 

Etbylopiperidine  dissolves  in  Water,  but  less  abundantly  than  piperi* 
dine;  potash  in  fragments  added  to  the  solution  separates  the  oase 
completely.     It  dissolves  readily  in  Alcohol  and  Ether. 

Bydrochlorate.  C"NH",HCl,PtCP. — Forms  beautiful  needles,  having 
considerable  lustre. 

Chloroplatinate.  —  A  concentrated  solution  of  the  hydrochlorate, 
mixed  with  a  concentrated  solution  of  bichloride  of  platinum,  forms  an 
abundant  precipitate,  which  dissolves  in  a  larger  quantity  of  water, 
especially  when  hot*     If  this  precipitate  be  redissolved  in  a  mixture  of 

S  o  2 
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eqnal  parts  of  water  and  alcohol,  and  the  solution  lefit  to  evaporate 
spontaneously;  the  doable  salt  separates  in  large  orange-coloured  prisma 
of  great  beauty. 


14  C   

84-0 

....    26-31     .. 
....      4-39     .. 
....      5-01     .. 
....     31-02    .. 
....    33-27 

Cahovn. 
26-23 

N  

16  H  

14-0 

16-0 

4-28 

5-16 

Pc 

3  CI 

99-0 

106-2 

30-86 

Ci<NH»»,HCl,PtCP 

....  319-2 

....  J  00-00 

Ethylopiperidine  scarcely  exhibits  any  rise  of  temperature  wben 
mixed  with  iodide  of  ethyl.  When  placed  together  with  excess  of 
iodide  of  ethyl  in  sealed  tubes,  and  heated  in  the  water-bath  for  several 
days,  it  yields  a  viscous  mass,  which  floats  npon  the  hydriodic  ether. 
Water  dissolves  this  product  in  all  proportions,  forming  a  solution  which 
does  not  crystallise  in  vacuo.  The  solution  treated  with  excess  of 
recently  precipitated  oxide  of  silver,  yields  a  deposit  of  iodide  of  silver/ 
and  a  liquid  which,  when  evaporated  in  vacno,  yields  very  deliqneeoent 
crystals,  having  a  bitter  taste  and  a  strong  alkaline  reaction.  These 
crystals  decompose  when  strongly  heated,  yielding  ethylopiperidine  and 
an  inflammable  gas.  They  dissolve  with  rise  of  temperature  in  hydro- 
chloric acid,  forming  a  solution  which,  when  concentrated  by  heat,  or 
better  by  evaporation  in  vacuo,  yields  a  slightly  deliquescent  flalt,  which 
crystallises  in  scales.  —  The  solution  of  this  hydrochlorate  forms  a 
copiou^  precipitate  with  a  concentrated  solution  of  bichloride  of  platinum; 
but  if  the  liquids  be  mixed  in  a  state  of  greater  dilution,  and  at  a  boiling 
heat,  the  mixture  on  cooling  deposits  the  platinum-salt  of  [biethylo- 
piperidine]  in  small  orange-coloured  prisms,  bearing  a  strong  resemblance 
to  chloroplatinate  of  potassium. 

18  C 1080 

N 14-0 

20  H 20-0 

Pt 990 

3  CI 106-2 


CMNH»  HCl,PtCP ....     347-2    ....  10000 


Cahoarg. 

31-10    ... 

3101 

4-03 

5-76    .. 

5-82 

28-51     .. 

28-26 

30*60 

The  formula  of  this  salt  may  also,  and  with  greater  probability,  be 

written  in  the  form  C^®NH*^l,PtCl*,  representing  it  as  the  chloroplati- 

(    H^        1 
nate  of  biethylopiperidammonium,  C"NH*=C^N^  /'0*R•^*  (   of  which 

the  viscous  substance  obtained  by  treating  the  product  of  the  action  of 
iodide  of  ethyl  on  ethylopiperidine  with  oxide  of  silver,  is  the  hydrated 
oxide  =  C>«NH«^,HO.  (Cahours.)  The  salts  of  ethylopiperidine, 
methylopiperidine,  and  piperidine  itself  may  of  course  be  likewise  repre- 
sented as  analogous  to  ammonium-salts,  e.  ff,  the  hydrochlorate  of 
piperidine  =  C^<^NH»,C1.  It  would  be  interesting  to  know,  whether  the 
action  of  oxide  of  silver  on  the  iodides  of  these  bases  would  also  give 
rise  to  the  formation  of  crystallisable  hydrates.  IT. 


1 

I 
\ 
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p.    Amidoffenrtiucleus.    C"Ad*H»0*. 

Nitrothein. 

Stenhousb  (1843).    PhU.   Mag.  J.  23,   426;   also   Mem.  Chem.  Soc. 

1,  2l9y  and  239;  also  Ann.  Pharm.  \5,  371;  46,  229. 
RoGHLEDBR.    Ann.  Pharm.  73,  5Q. 

Rochleder's  Ckolestrophane. 

Farmatwn.     By  the  action  of  nitric  acid  or  cUlorine-water  on  ooffein. 

Preparation.  1.  Coffein  is  boiled  for  some  hoars  with  strong  nitric 
acid,  till  a  sample  of  the  liquid  leaves,  on  evaporation,  no  longer  a  yellow 
but  a  white  residue;  the  liquid  is  then  evaporated  to  a  sjrup  and  cooled, 
and  the  resulting  crystals  purified  by  recrystallisation  from  water,  and 
pressure  between  paper.  100  pts.  of  coffein  yield  from  5  to  6  pts.  of 
nitrothein.  (Stenhouse.)  —  2.  Chlorine  gas  is  passed  through  water  in 
which  coffein  is  suspended,  till  the  amelic  acid  at  first  produced  is  decom- 
posed; the  solution  is  then  left  to  crystallise.  (Rochleder.) 

Properties.  Crystallises  from  water  in  large  white  nacreous  laminsd; 
from  ether  by  evaporation  in  very  regular  octohedrons;  and  by  sublima-^ 
tion,  which  takes  place  readily  and  without  decomposition,  in  delicate 
shining  lamins,  like  naphthalin.  The  crystals  grate  between  the  teeth, 
have  a  sweetish  taste,  and  redden  litmus  very  slightly,  or  not  at  alL 
(Stenhouse.) 

Ory9taU  dried  at  100^  Stenhouie.      Rochleder. 

IOC 60     ....  42-25  4201       ....       4200 

2N 28     ....  19-72  1947       ....       2000 

6  H    6     ....  4  23  4-26       ....        4-25 

6  0 48     ....  33-80  3426       ....       3375 

CMN«H«0»    142     ....  10000     100  00      ....     10000 

Decompositions.  1.  Nitrothein  is  easily  set  on  fire,  and  burns  with  a 
bright  flame.  (Stenhouse.)  —  2.  When  boiled  with  potash-ley,  it  gives 
off  a  large  quantity  of  ammonia  (Stenhouse),  and  perhaps  also  ethyla- 
mine,  and  iorms  carbonate  and  oxalate  of  potash.  (Rochleder.)  If 
ethylamine  is  produced  in  this  reaction,  the  equation  may  perhaps  be  : 

C«>N»H'0«  +  4KO  +  4HO  -  C<K»0»  +  2{KO,CO»)  +  C<NH'  +  NH». 

Oombinations.  Nitrothein  dissolves  in  3  pts.  of  cold,  and  in  a  much 
smaller  quantity  of  hot  water.  The  solution  produces  no  reaction  with, 
acetate  of  lead,  ferrous  sulphate,  or  nitrate  of  silver.  (Stenhouse.) 

Nitrothein  dissolves  readily  in  alcohol  and  ether.  (Stenhouse.) 
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/.    NUrogen-nudem.    C"N*H* 

Zanihic  Oxide. 

C*<>N*H*0*  =  C"N*HSO*t 

Mabcbt.  In  his  Estay  on  the  Chemical  Hiriory  and  Medical  Treatmeni 
of  GalcuUnu  Disorders.  Lond.  1819.  Translated  into  German  bj 
Hbinekbr,  Bremen;  abstr.  Schw.  26,  29. 

W5HLBR  &  LiEBiG.     Fogg.  41,  393;  also  Ann,  Fharm.  26,  340. 

Xanthin  (which  name  woald  be  preferable,  if  it  did  not  also  belong  to  madder- 
yellow.) —  DiscoYered  by  Maroet  in  1819;  (first  analysed  by  Wohler  & 
Liebig).  Very  rarely  forms  haman  calcnli.  (Mareet,  Wohler  &  Liebig; 
Langier,  J.  Chim  med.  5,  513);  occars  in  the  urine  of  spiders,  (J.  Davy, 
y.  Ed.  PhU.  J,  40,  355.)  According  to  Gornp-Besanes,  this  sabstanoe 
contains,  not  xanthio  oxide,  but  guanine. 

Prapertiea,  The  calculus  consisting  of  xanthic  oxide  is  brown, 
smooth,  hard,  of  laminar  structure,  and  when  dissolved  in  water  reddens 
litmus  slightly  (Maroet);  it  is  globulai^  smooth,  and  of  dark  brownish 
yellow  colour  (Laugier);  its  surface  is  sometimes  light  brown,  smooth, 
and  shinin?,  sometimes  whitish  and  earthy;  on  the  fracture,  it  exhibits  a 
brownish  flesh-red  colour;  it  acquires  a  waxy  lustre  by  friction;  consists 
of  concentric  layers  without  fibrous  or  crystalline  structure;  and  has  the 
hardness  of  the  denser  uric  acid  calculi.  (Wohler  k  Liebig.)  —  By  dis- 
solving the  calculus  in  potash,  precipitating  the  filtrate  with  carbonic 
acid,  and  washing  and  drying  the  white  pulverulent  precipitate,  the 
xanthio  oxide  is  obtained  in  Yery  hard  yellowbh  lumps,  which  acquire  a 
waxy  lustre  by  friction,  and  are  free  from  potash.  (Wohler  &  Liebig.) 

Vried  at  100°.  W8hler  &  Liebig. 

la  C  60  ....  39-48  39-86 

4  N 56  ....  36-84  36*72 

4  li .., 4  ....  2-63  2'6« 

4  0 32  ....  2105  20-82 

CWN*H*0* 152      ...  10000     100*00 

[A.coording  to  the  formula  C'N^H^jO*,  xanthic  oxide  woold  be  the  monobasic  add 
ef  the  nacleus  whoir  bibasic  acid  is  aric  acid.] 

DecamposUions,  1 .  The  xanthic  oxide  calculus  yields  by  dry  distillation, 
an  aqueous  solution  of  carbonate  of  ammonia  which  crystallises  on 
cooling,  and  a  thick  yellow  oil  (Marcet);  it  gives  off  a  large  quantity  of 
hydrocyanic  acid,  and  yields  a  sublimate  of  carbonate  of  ammonia,  not 
of  urea.  (Wohler  &  Liebig.)  —  2.  Before  the  blow-pipe,  the  calculus  flies 
to  pieces,  blackens,  emits  a  faint,  peculiar,  empyreumatic^  animal  odoar, 
(different  from  that  of  heated  unc  acid,  and  more  like  that  of  burnt 
horn.  W.  &  L.)  and  consumes  down  to  a  small  quantity  of  ash.  (Marcei) 
—  3.  Its  solution  in  nitric  acid  leaves  on  evaporation  a  dry  lemon-yellow 
residue,  which  dissolves  partially  in  water.  The  solution  thus  formed  is 
yellow;  loses  its  colour  when  mixed  with  acids,  but  is  coloured  bright 
red  by  potash;  and  yields  by  evaporation,  a  carmine-coloured  mass  which 
dissolves  with  yellow  colour  in  water.  (Marcet.)  The  residue  left  on 
evaporating  the  solution  in  strong  nitric  acid,  forms  with  water  a  yellow 
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solation,  and  when  heated  with  potash^ley,  a  red  eolation,  which  acquires 
a  deeper  red  colour  on  evaporation,  and  leaves  a  red  residue  soluble  with 
yellow  colour  in  water.  (Laugier.)  Xanthio  oxide  dissolves  in  nitric  acid 
without  evolution  of  gas,  but  much  less  quickly  than  uric  acid,  and  the 
solution  leaves  on  evaporation  a  bright  lemon-yellow  mass,  which  dis- 
solves in  water  with  light  yellow,  and  in  potash -ley  with  deep  reddish 
yellow  colour.  The  latter  solution  forms  a  yellow  precipitate  with  sal- 
ammoniac,  and,  when  mixed  with  chloride  of  soda,  gives  off  nitrogen  gas, 
and  becomes  dark-coloured  at  first,  but  afterwards  colourless.  (Wohler  <fe 

Liebig.)  —  As  gelatin,  chondrin,  &c.  likewise  jrield  with  nitric  acid  a  yellow  restdae, 
which  turns  red  when  treated  with  potash,  this  behaviour  of  xanthic  oxide  with  nitric 
acid  is  not  characteristic.  (B.  Barmel,  /.  CMm,  mSd.  16,  13.) 

CombincUioiu,  Xanthic  oxide  dissolves  to  a  slight  extent  in  boiling 
water,  and  as  the  solution  cools,  a  white  film  forms  on  the  surface,  and 
gradually  sinks  to  the  bottom.  (Marcet.) 

It  dissolves  in  oU  of  vitriol,  and  is  not  precipitated  from  the  solution 
by  water.  (Wbhler  <fc  Liebig.) 

It  dissolves  very  sparingly  in  dilute  acids,  perhaps  through  the 
medium  of  the  water  contained  in  them.  (Marcet.)  It  is  insoluble,  or 
very  sparingly  soluble,  in  hydrochloric  acid.  (Wohler  &  Liebig.) 

It  dissolves  in  ammonia  (Marcet),  more  readily  than  uric  acid,  and 
the  solution  leaves  on  evaporation  a  yellowish  laminated  mass,  still  con- 
taining a  small  quantity  of  ammonia.  (Wohler  &  Liebig.) 

It  dissolves  very  readily  in  potash^ey,  whence  it  is  precipitated  by 
acids  (Marcet);  the  solution  has  a  dark  greenish  brown-yellow  colour, 
like  bile;  immediately  deposits  the  xanthic  oxide  when  carbonic  acid  is 
passed  through  it;  and  when  mixed  with  sal-ammoniac,  deposits  the 
xanthic  oxide  on  evaporation,  and  with  evolution  of  ammonia.  (Wohler 
&  Liebig.) 

Xanthic  oxide  likewise  dissolves  in  aqueous  mono'earbonate  of  potathf 
but  not  in  bicarbonate  of  ammonia,  potash,  or  soda.  (Marcet.) 

It  dissolves  sparindy  in  acetic  acid,  (Marcet.) 

It  is  insoluble,  or  out  very  sparingly  soluble,  in  oxalic  acid.  (Marcet, 
Wohler  &  Liebig.) 

It  is  insoluble  in  alcohol  and  ether.  (Marcet.) 


Uric  Acid. 

C>*N*H*0«  =  C'»N*H*,0*. 

ScHEBLB.     Optue.  2,  78;  also  Crdl.  N.  Entdeck,  3,  227. 

BsROMAif.     Optuc.  4,  387;  also  Crell.  N.  Entdecky  3,  232. 

Pearson.    JSchcr.  J.  1,  48. 

FouRCRor.    Ann.  Chim.  16,  116;  27,  225. 

Vauquelik.     J.  Phy$.  88,  456.  —  Ann.  du  Mus,  1,  96;  7,  253. 

William  Henry.    Ann,  Phil.  2,  57. 

Gay-Lussac.     Ann.  Chim,  96,  53;  also  Sehw,  16,  84. 

Chevallier  &  Lassaionb.    Ann.  Chim.  Fhy$.  13,  155;  aXbo  Schw.  29, 

257. 
Gasp.  Bruqnatelli.     Brvgn.  Oiom,  11,  38  and!  17;  12, 133;  13,  464. 
PROUT.    Sckw.   28,  182. —^nn.  Chim.   Phy9.    11,    48.  —  ^inn.  PhiL 

14^  363. 
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Braconnot.    Ann.  Chim.  Phys.  17,  392;  abstr.  Sehw.  S3,  263. 
WifftzhAB,.     BeUrage  zur  Kenntnin  des  mensMicken  ffams,      Fnmkf. 

1821,  69;  abstr.  Schw.  33,  264. 
LiEBiG.     Pogg-  15,  569. — Ann,  Pkarm.  5,  288. 
WbHLER  &  LiEBio.     Ann,  Pharm.  26,  241. 
LiPOWiTZ.     Ann,  Pharm.  38,  348. 
Aug.  Bensch.     Ann,  Phat^m.  54,  189. 
Jam.  Allan  &  Ano.  Bensch.    Ann,  Pharm,  65,  181. 
Hbintz.     Ann.  Pharm,  55,  62. 

JUthic  acid,  Harmdure,  VrintSure,  Bituetutemsdure,  Acide  urigue,  Ae.  Kikiqmef 
Pearson's  lithic  oxide,  or  animal  oxide.  —  Discovered  by  Scheele  in  1776. — 

Occurs  in  the  urine  of  man,  of  the  lion,  tiger,  leopard,  hyssna,  dog  (Mar- 
chand,  J.  pr.  Chem,  14,  496),  of  the  ox  (Bodeker,  J,  pr.  Chem,  25,  254), 
also  in  the  allantoic  liquid  (Jacobsen,  Meckd  Archiv.  8,  332;  Prevost  & 
Le  Royer,  Bidl.  d.  Sc,  mid.  7,  25);  in  the  urine  of  birds,  especially  of 
the  earnirorons  and  graminiyorous  kinds;  therefore  also  in  the  dung  of 
sea-birds,  which  accumulates  in  deep  layers  in  the  form  of  guano  on  the 
islands  of  South  America  and  Africa;  in  the  urine  of  serpents,  crocodiles^ 
lizards,  and  tortoises;  in  the  urine  of  the  silkworm-butterfly  (Brugna- 
telli),  and  of  other  butterflies  and  moths  (J.  Davy);  of  several  cater- 
pillars, of  horse-dung-beetles,  grasshoppers,  crickets,  scolopendra^  wasps 
(also,  according  to  Audouin),  and  of  several  flies  (J.  Davy,  N.  Ed. 
Phil.  J,  40,  231  and  335;  45,  17);  in  cantharides  (Robiquet),  in  many 
species  of  Meloe  (Lavini  &  Sobrero,  K.  J.  Pharm,  7,  469);  in  the 
so-called  biliary  ducts  (which,  according  to  Audouin,  N,  Ann.  Sc,  Nat. 
Zoclogie,  5,  130,  should  be  regarded  as  urinary  organs,  or,  according  to 
Meckel,  as  urinary  and  biliary  organs),  of  the  Lucanus  Capreoltu  (Ano^); 
in  the  urinary  organ  of  several  species  of  Helix  (Mylius,  J,  pr,  Chem. 
20,  509),  and  in  the  uriue  of  those  animals  (J.  Davy,  N.  Ed,  Phil,  J,  45, 
385  )  —  Very  mapy  urinary  concretions  and  deposits  of  man,  fewer  of 
the  dog,  and  many  of  birds,  serpents,  lizards,  and  tortoises,  consist  of  uric 
acid  or  urate  of  ammonia. 

To  determine  the  quantity  of  uric  acid  in  a  liquid  urine,  the  nriue  is 
to  be  mixed  with  hydrochloric  acid  (or  with  acetic  or  phosphoric  acid,  if 
albumin  is  present),  and  the  uric  acid  which  settles  down  after  some 
time  collected.  (Heintz,  Pogg.  70,  122.)  Scratching  the  sides  of  the 
vessel  with  a  glass  rod  accelerates  the  deposition.  (Wetzlar.)  —  Or  the 
urine  may  be  evaporated  to  an  extract;  this  extract  exhausted  with 
93  per  cent,  alcohol;  the  undissolved  portion  treated  with  dilute  potash; 
the  uric  acid  precipitated  from  the  filtrate  by  acetic  acid  with  the  aid 
of  heat  (hydrochloric  acid  would  likewise  precipitate  mucus);  and  the 
precipitate  washed  with  water  containing  acetic  acid.  (Lehmann,  •/.  pr. 
Chem.  25,  13.)  —  If  a  urinary  calculus  contains  so  small  a  quantity  of 
uric  acid,  that  it  merely  exhibits  the  red  colouring  when  evaporated  with 
nitric  acid,  but  gives  no  precipitate  with  hydrochloric  acid  when  exhausted 
with  potash,  it  may  be  boiled  with  water  and  carbonate  of  lithia;  the 
filtrate  treated  with  hydrochloric  acid  will  then  yield  a  precipitate  of  uric 
iu;id.  (Lipowitz,  Ann  Pharm,  38,  352.) 

Preparation,  a.  From  urinary  calculi  containing  uric  add  or  wrote 
of  ammonia, — or  from  the  sedimefU  deposited  from  human  urine,  especially 
after  addition  of  hydrochloric  acid, — or  from,  the  urine  of  carnivorous  and 
gramifUvQrous  birds  (Pfxi/connot), — or  from  the  urine  of  the  Eoa-odn9lrictor, 
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which  is  less  eorUaminated  with  broum  colouring  maUer.  {Prot^.)  —1.  Either 
of  these  materials,  which  may  be  previously  freed  from  phosphate  of 
lime  and  a  portion  of  the  brown  colouring  matter,  <fec.,  by  boiling 
(Kodweiss),  or  by  a  day's  maceration  (Wohler)  with  dilute  hyarochloric 
acid,  is  dissolved  in  warm  potash-ley;  the  uric  acid  precipitated  from  the 
filtrate  by  hydrochloric  acid;  warm  potash-ley  saturated  with  the  pre* 
oipitated  and  washed  uric  acid;  the  solution  evaporated  to  a  pulp;  the  pulp 
consisting  of  granules  of  acid  urate  of  potash,  spread  out  upon  linen, 
washed  by  stirring  it  up  several  times  with  a  small  quantity  of  cold  water, 
and  then  strongly  pressed;  and  the  residue  dissolved  in  boiling  water. 
The  liquid  on  cooling  deposits  the  salt  in  white  but  still  rather  impure 
crystals;  the  purest  eolt  is  deposited,  after  a  few  days,  from  the  motiier- 
liquor  decanted  from  the  first  crystals,  this  liquid  then  retaining  nothing 
but  brown  colouring  matter  and  carbonate  of  potash .  This  purest  salt, 
dissolved  in  potash-ley,  yields,  on  addition  of  hydrochloric  acid,  a  white 
precipitate  of  pure  uric  acid,  gelatinous  at  first,  but  afterwards  aggre- 
gating in  scales.  (Braconnot.)  —  2.  Serpents'  urine,  poultry-dung,  or  a 
urinary  calculus,  is  boiled  with  a  solution  of  1  pt.  hydrate  of  potash  in 
20  pts.  water  as  long  as  ammonia  is  given  off;  carbonic  acid  gas  passed 
through  the  filtrate,  till  the  precipitate,  which  is  at  first  gelatinous, 
becomes  heavy  and  granular,  and  sinks  to  the  bottom  —  or,  which  comes 
to  the  same  thing,  till  the  liquid  becomes  nearly  neutral; — the  precipitate 
of  acid  urate  of  potash,  washed  till  the  wash-water  shows  turbidity  on 
being  mixed  with  the  first  filtrate;  then  dissolved  in  dilute  potash  and 
the  solution  poured  while  hot,  into  dilute  hydrochloric  acid.  (6ensch.)  — 
Delffs  heats  pulverised  serpents'  urine  with  I  pt.  of  caustic  potash  and 
14  pts.  of  water  to  the  boiling  point;  allows  the  hot  solution  to  run 
directly  firom  the  filter  into  a  mixture  of  2  pts.  oil  of  vitriol  and  8  pts. 
water,  stirring  all  the  while;  and  purifies  the  uric  acid  (which  settles  down 
in  a  less  bulky  form,  in  proportion  as  the  mixture  was  hotter)  by  decanta- 
tion  and  washing.  (Fogg,  81,  311.)  —  3.  The  substances  contaming  nrio 
acid,  especially  those  from  which  potash  would  extract  a  large  quantity  of 
foreign  matters,  colouring  the  liquid  and  impeding  the  filtration — the  dung 
of  birds  for  example — may  also  be  boiled  with  a  solution  of  borax  in  120 
pts.  of  water,  and  the  filtrate  precipitated  by  hydrochloric  acid  (Wetzlar, 
Bbttger,  N,  Br.Arch,  9, 132;  see  also  Landerer,  "N. «/.  Pharm.  19,  439;  and 
Arppe,  Ann,  Pharm,  87,  237).  —  4.  Serpents*  urine  may  also  be  dissolved 
in  warm  oil  of  vitriol;  the  [decanted?]  solution  gradually  diluted  with 
water  (if  it  be  too  much  diluted,  the  colouring  matter  will  be  precipitated 
as  well  as  the  uric  acid);  and  the  precipitated  uric  acid  washed  on  the 
filter  with  more  water.  (Fritzsche,  J.  pr.  Chem,  14,  245.) 

Various  methods  of  Purification.  —  1.  The  uric  acid  is  dissolved  in  oil 
of  vitriol,  and  precipitated  therefrom  by  water.  (D&bereiner)  —  2.  It  is 
l)oiled  with  dilute  hydrochloric  acid,  which  removes  colouring  matter  and 
a  peculiar  flocculent  substance.  (Gasp.  Brugnatelli.)  —  3.  W.  Henry 
endeavours  to  free  the  uric  acid  from  mucus  by  digestion  with  carbonate 
of  ammonia,  but  converts  it  thereby  into  carbonate  of  ammonia,  as 
Wetzlar  and  Dobereiner  have  shown.  —  4.  Luigi  Brugnatelli  {Brugn, 
Giom,  12,  155)  dissolves  the  uric  acid  in  lime-water,  and  reprecipitates 
it  therefrom  by  hydrochloric  acid.  —  5.  0.  Henry  {J,  Pharm,  15,  165) 
boils  the  precipitate  obtained  from  human  urine  by  basic  acetate  of  le«*ia 
with  carbonate  of  potash,  and  precipitates  the  uric  acid  from  the  filtrate 
with  hydrochloric  acid. 
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h.  FromOuano,  —  1.  Onano  is  boiled  for  seTeral  honn  with  cmde 
potash,  slaked  lime,  and  water,  the  solution  strained  throagh  a  conical 
cloth  filter,  and  eyaporated  to  a  thick  palp;  this  mass  strongly  pressed 
between  linen;  the  residne  suspended  in  water  and  decomposed  with 
bydrochloric  acid;  the  crude  urio  acid  thus  separated,  washed  with  water 
and  dissolved  in  weak  potash-lej;  the  solution  evaporated  till  it  solidifies 
to  a  pulp,  which  is  then  strongly  squeezed  in  the  press-bags;  the  urate  of 
potash  thus  obtained  boiled  with  a  double  quantity  of  water,  stirring 
constantly,  and  the  liquid  strongly  pressed  out;  and  this  boiling  and 
pressing  three  or  four  times  repeated,  till  a  sample  of  the  residue  treated 
with  hydrochloric  acid  yields  perfectly  white  uric  acid«  Lastly,  the  per- 
fectly white  urate  of  potash  is  dissolved  in  hot  water  containing  potash; 
and  the  clear  solution  poured  into  excess  of  hydrochloric  acid.  The 
mother-liquors  obtiuned  in  these  processes  yield,  by  further  treatment^  a 
little  more  uric  acid,  amounting  altogether  to  2^  per  cent,  of  the  guano. 
(Bensoh,  Ann,  Pharm,  58,  206.)  —  2.  Guano  is  exhausted,  first  with 
water,  then  with  potash-ley;  the  latter  brown  solution  mixed  with 
chloride  of  calcium  to  separate  a  mouldy  substance;  and  pale  yellow  urio 
acid  obtained  from  the  pale  yellow  filtrate  by  precipitation  with  hydro- 
chloric acid.  (Bibra,  Ann,  Fharm,  53,  111.) 

Properties,  Delicate,  white,  nacreous  scales  (in  the  impure  state, 
yellowish  or  brownish).  The  crystals  obtained  by  evaporation  from  the 
hot  aqueous  solution,  often  appear,  when  examined  by  the  microscope,  to 
be  four-sided  prisms,  acuminated  with  octohedral  faces  resting  on  the 
terminal  edges.  (Bensch.)  Fritzsche  observed  under  the  microscope 
transparent,  colourless,  smooth,  thin,  square  tables.  —  Tasteless  and 
inodorous;  the  aqueous  solution  reddens  litmus  (Scheele,  W.  Henry);  it 
does  not  rodden  litmus.  (Pearson.) 

Var.St 
Air-dried  erytiaU,  Liebig.     Mitacherlich.     Reints.  Will. 

10  H 60     ....     35-72     3608     ....     35-82     ....     35-65 

4  N 56     ....     33-33     3336     ....     34-60  ....    33*18 

4  H 4     ....       2-38     2-44     ....       2*38     ....       2-46 

6  0 48     ....     28-57     28-12     ....     27-20 

C»N<HW 168     ....  10000 10000     ...  lOOOO 

Liebig  (Aim.  Pharm.  10,  47);  Mitacherlich  {Pogg,  33,  335);  Hcints  (Pflff. 
70,  123);  Varrentrapp  &  WiU  {Ann.PJUtrm.  39,  279.) 

Front. 


earlier.  Utter,  B6rard.        Kodwdas.  G5bel. 

C    34-25  ....  39-87  ....  33  62  ....     39-79     ....  36-57 

N   40-25  ....  31-13  ....  39-23  ....     37-40     ....  28-28 

H  2-75  ....  2-23  ....  7-06  ....      200     ....  2-39 

O   22  75  ....  26-77  ....  2009  ....     2081     ....  32-51 


100-00     ....  100-00     ....  100-00     ....  100-00     ....     99-75 

Kodwdas  (Pogg.  19,  I) ;  Gdbel  (Schw.  58,  475). 

The  crystallised  add  contains  no  water  of  crystallisation  (B^rard  [emnp,  however 
p.  465]. 

Decompositions.  1 .  Perfectly  dry  uric  acid  subjected  to  dry  dietil- 
lotion  neither  melts  nor  gives  off  any  liquid  distillate,  but  yields  a 
copious  brownish  ^yellow  sublimate  of  cyanuric  acid,  urea,  and  hydro* 
eyanate  of  ammonia,  together  with  a  large  quantity  of  free  hydrocyanic 
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'  acid.  (Wbhler,  Pogg,  15,  529,  and  626.)     As  neither  cyanuric  add  nor 

I  nrea  is  volatile,  these  bodies  mast  be  formed  from  other  products  of 

I  decomposition,  e.  g.,  urea  from  ammonia  and  cyanic  acid.  (Wbhler.)  — 

At  the  commencement  of  the  process,  carbonate  and  hydrocyanate  of 

amraouia  sublime,  and  a  brown  empyreumatic  oil  passes  over,  together 

with  free  hydrocyanic  acid;  afterwards  cyanuric  containing  ammonia 

sublimes,  and  is  ultimately  carried  forvrard  by  the  water  loaded  with 

empyreumatic  oil.    (Chevallier  &  Lassaigne.)      The  C3ranuric  acid  thus 

formed  amounts,  according  to  Scheele,  to  ^,  according  to  Pearson,  to  -^yj 

the  residual  charcoal,  which  bums  to  ashes  with  difficulty,   amounts, 

according  to  Scheele,  to  •)-,  according  to  Pearson,  to  -j^,  according  to 

•        W.  Henry,  to  ^;  according  to  Pearson,  the  dry  distillation  of  20  grains 

of  nrio  acid  produces  5  cubic  Inches  of  carbonic  acid  and  5  cubic  inches 

of  nitro^n  gas;  according  to  W.  Henry,  the  gases  evolyed  are  carbonic 

acid  and  carburetted  hydrogen. 

2.  Uric  acid  heated  in  contact  vnth  the  air  becomes  carbonised,  and 
gives  off  an  odour  of  burnt  bones.  (Pearson.)  —  For  the  conTeraion  of  urate  of 
ammonia  into  oxalate  by  the  action  of  air  and  light,  see  page  467.  —  Mixed  with 

carbonate  of  soda  and  fermented  with  beer-yeast,  it  is  converted  at 
32°  G.  into  oxalic  acid,  urea,  and  carbonate  of  ammonia.  (Ranke,  J,  pr, 
Ghent.  56,  !») 

d.  Perfectly  dry  Chlorine  gas  does  not  act  at  ordinary  temperatures 
on  perfectly  dry  uric  acid;  but  at  higher  temperatures,  it  produces  a 
very  large  quantity  of  cyanic  and  hydrochloric  acid,  the  uric  acid  dis- 
appearing altogether,  with  the  exception  of  a  small  carbonaceous  residue. 
(Liebig,  Fogg,  15,  567.)  Tf  the  uric  acid  be  strongly  heated  from  the 
very  beginning  of  the  action,  solid  chloride  of  cyanogen  is  likewise 
obtained.  (Kodweiss.)  —  Moist  uric  acid  swells  up  at  ordinary  tempe- 
ratures in  chlorine  gas,  giving  off  carbonic  and  cyanic  acid,  and  leaving 
a  residue  which  is  perfectly  soluble  in  water,  and  contains  ammonia, 
hydrochloric  acid,  and  a  large  quantity  of  oxalic  add.  (Liebig.) 
Cherrreul  (M  GehL  7,  530),  who  states  that  the  uric  acid  is  converted  into  oxalic  add 
in  live  minutes,  had  probably  used  moist  uric  acid.  —  When  uric  acid  is  sus- 
pended in  a  large  quantity  of  cold  water,  chlorine  gas,  not  in  excess, 
passed  through  the  liquid,  and  the  whole  agitated,  the  uric  acid  dis- 
solves, forming  free  hydrochloric  acid,  sal- ammoniac  (which  then,  by 
the  further  partial  action  of  the  chlorine,  produces  a  small  quantity 
of  chloride  of  nitrogen),  a  large  quantity  of  acid  oxalate  of  ammonia, 
a  very  small  quantity  of  alloxan  tin  or  alloxan  (inasmuch  as  the  liquid, 
when  evaporated  to  dryness,  leaves  a  pale  purple  residue),  paralMinic 
acid,  a  substance  rich  in  nitrogen  and  very  sparingly  soluble  in  water, 
and,  according  to  Pelouze,  also  allanturic  acid. 

Uric  acid  suspended  in  20  pts.  of  water,  dissolves,  when  chlorine 
gafi  is  passed  through  the  liquid,  with  slight  effervescence  [of  nitrogen 
gas,  proceeding  from  the  chloride  of  nitrogen],  and  separation  of  yellowish 
white  flakes,  which  are  a  compound  of  chlorine  with  animal  matter. 
The  strongly  acid  solution,  which  continues  for  a  very  long  time  to  give 
off  gas  bubbles,  even  without  heating,  contains  hydrochlorate  and  oxuate 
of  ammonia,  hydrochloric  acid,  malic  acid  [1],  oxuric  acid  (p.  169),  and 
purpuric  acid  [11,  which  last  three  acids  are  decomposed  when  the 
passage  of  the  cnlorine  is  continued,  so  that  only  hydrochloric  acid, 
oxalic  acid,  and  ammonia,  remain.  (Vauquelin.)  —  When  uric  acid  is 
heated  with  a  quantity  of  chlorine-water  not  quite  sufficient  to  dissolve 
'  it^  a  liquid  is  formed,  which  is.  reddened  by  evaporation,  and  still  more 


46Q  LIKBNB:  NITROQEN-NUCLEUS  C»N«H«. 

by  addition  of  ammonia,  and  contains  a  yellow,  gel&tinons,  deliquesoent 
body,  soluble  in  alcohol.  (Kodweiss.)  —  Cold  chlorine-water  also  pro* 
duces  allantnric  acid;  but  when  chlorine  gas  is  passed  in  excess  through 
a  boiling  aqueous  solution  of  nric  acid,  scarcely  any  thing  is  produced 
but  hyperacid  oxalate  of  ammonia,  which  is  then  also  resolyed  into  gases. 
(Pelouse,  iT.  Ann,  Chim,  Fhys,  6,71;  also  Ann,  Fharm,  44,  108.)  — 
Chlorine  water  forms  with  uric  acid,  alloxantin,  alloxan,  parabanic  acid, 
and  oxalic  acid.  ( Wohler  &  Liebig.)  —  When  chlorine  gas  is  passed 
through  uric  acid  suspended  in  a  yery  large  quantity  of  cold  water,  the 
water  poured  off  from  time  to  time,  and  renewed,  chlorine  again  passed 
through,  &c.,  till  the  whole  is  dissolyed,  there  is  obtained  a  colourless^ 
very  add  liquid,  smelling  strongly  of  chloride  of  nitrogen.     This  liquid 
when   heated  gives  off   ffas-bubbks   (probably   nitrogen   gas;    at   all 
eyentSy  no  volatile  chloride  of  cyanogen  condenses  on  passing  the  gas 
through  a  tube  surrounded  with  a  freezing  mixture;  aftorwaids  a  small 
quantity  of  carbonic  acid  passes  over);  and  yields,  by  further  evaporations 
a  crystalline  mass,  besides  a  mother-liquor  containing  ammonia.     This 
crystalline  mass,  dissolved  in  hot  water  and   filtered,   leaves  a  white 
poiffdeVy  while  the  filtrate,  when  evaporated  and  cooled,  first  yields  white 
crystals  of  acid  oxalate  of  ammonia,   then  hmiey-ydlow  crydalsy  then 
again  white  crystals  of  sal-ammoniac.     The  tohiie  poioder  chars  when 
heated,  with  evolution  of  hydrocyanic  acid,  and  without  fusion;  it  is 
perhaps  the  substance  described  by   Scfalieper  (pp.  461,  462).  —  The 
noney-yellow  erystdUy  when  heated,  swell  up,  turn  brown,  emit  an  odour 
of  hydrocyanic  and  cyanic  acid,  yield  a  white  crystalline  sublimate  which 
reddens  litmus,  and  leave  a  small  quantity  of  charcoal.     With  warm 
nitric  acid  they  effervesce  strongly,  and  form  a  colourless  solution.     They 
dissolve  sparingly  in  warm  oil  of  vitriol,  without  charring  when  heated. . 
With  oold  strong  potash-solution,  they  give  off  ammonia;  their  aeneous 
solution  reddens  litmus  strongly,  and  does  not  precipitate  chloride  of 
calcium;  they  dissolved  readily  in  hot  aqueous  ammonia,  the  greater 
portion  separating  out  on  cooling  in  colourless  or  yellowish  needles.    The 
mother-liquor  of  these  needles  yields  with  chloride  of  calcium  a  preci- 
pitate insoluble  in  hot  acetic  acid;  and  the  solution  of  the  needles  in  hot 
water,  yields,  when  mixed  with  hydrochloric  acid  and  rapidly  cooled, 
a  similar   (only  yellowish)    crystalline  precipitate,    like  oxafnrate  of 
ammonia  mixed  with  hydrochloric  acid  (ix.  441).     According  to  this,  the 
honey-yellow  crystals  might  be  regarded  as  parabanic  acid  (ix.  442), 
accidentally  coloured.  (Gm.) 

4.  Lfric  acid,  boiled  for  some  time  with  Iodine  and  water,  dissolves 
partially,  forming  a  liquid  which  contains  pnrpurate  of  ammonia  [alloxan 
or  alloxantin,  with  hydriodate  of  ammonia  11  (Prout,  Brugnatelli);  but  if 
the  iodine  is  in  excess,  the  purpuric  acid  is  converted  into  oxalic. 
(Vauquelin.) 

6.  Cold  concentrated  Nitric  acid  converts  uric  acid,  with  rise  of 
temperature  and  evolution  of  carbonic  acid  and  nitrous  vapours,  into 
alloxan  and  urea,  which  is  then  further  decomposed  by  the  nitric  acid  : 

C»N*HW  +  20  +  2H0  «  C^N'Haos  +  CSN'H^O*. 

When  pulverised  uric  acid  is  added  to  cold  nitric  acid  of  sp.  gr.  1*425, 
by  small  portions,  at  sufficiently  long  intervals,  and  mixed  in  such  a 
manner  that  the  mass  shall  not  become  warm,  it  solidifies,  as  soon  as 
the  further  addition  of  uric  acid  no  longer  causes  an  abundant  evolution 
of  carbonic  acid  and  nitrous  fumes,  into  a  crystalline  magma  of  alloxan; 
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and  the  mother-liquor,  when  gently  heated,  gi^es  off  pare  nitrogen  gas, 
and  retains  nothing  bnt  nitrate  of  ammonia.  Probably  the  area  formed 
from  the  uric  acid  is  converted  by  the  nitrons  acid  at  the  beginning  of 
the  action,  into  nitrite  of  ammonia  and  cyanic  acid  : 

C«N«H*0»  +  NO»  -  NH»,NO»  +  C?NHO> 

The  cyanic  acid  is  converted,  in  the  known  manner,  with  water,  into 
ammonia  and  carbonic  acid,  so  that  at  first  only  the  latter  is  evolved, 
and  afterwards  the  nitrate  of  ammonia  is  resolved  by  heat  into  water  and 
nitrogen  gua,  which  is  therefore  given  off  in  the  pare  state.  But  as  the 
nitric  acid  is  at  first  in  very  large  excess,  the  nitrite  of  ammonia  is 
partly  resolved  therewith  into  nitrate  of  ammonia  and  nitrous  acid| 
which  escapes  in  red  vapours.  (Liebig  &  Wohler.^  [As  the  mixture 
contains  an  excess  of  nitric  acid  up  to  the  end  of  toe  reaction,  it  is  not 
very  easy  to  see  how  nitrite  of  ammonia  can  be  formed.]  —  Cold  nitric 
acid  of  sp.  gr.  1*55  likewise  yields  alloxan,  but  at  the  same  time  produces 
a  brown  substance,  by  the  formation  of  which  the  aggregated  lumps  of 
uric  acid  acquire  a  black-brown  colour,  and  the  resulting  alloxan  also 
becomes  brown  and  difficult  to  decolorise.  (Liebig  &  Wohler.) 

Uric  acid  boiled  with  strong  nitric  acid  does  not  yield  a  trace  of 
alloxan,  but  is  converted  into  parabanic  acid,  which  separates  on  cooling 
in  long  narrow  prisms,  and  m  scales.  (Liebig  &  Wohler.)  —  [On  the 
supposition  that  alloxan  is  at  first  produced  and  then  further  oxidised, 
the  equation  is : 

C^WHSQ*  +  20  -  C«N«H20«  +  2C0«.] 

When  1  pt.  of  uric  acid  is  gradually  added  to  2  pts.  of  cold  nitric  acid, 
of  sp.  gr.  1'25,  and  the  mixture,  after  the  completion  of  the  action, 
eooled  to  20^,  till  it  solidifies  to  a  thin  pulp,  and  this  product  thrown  on 
a  filter,  it  yields  a  filtrate  containing  hydnrilic  acid,  a  large  quantity  of 
parabanic  acid,  oxalic  acid,  and  ammoniacal  salts,-— and  a  residue, 
which  when  dissolved  in  a  small  quantity  of  hot  water,  is  resolved  into 
a  large  quantity  of  undecom posed  uric  acid  (because  the  nitric  acid  was 
not  in  sufficient  quautity),  and  a  syrupy  solution.  This  solution  does 
not  crystallise  on  cooling;  when  gently  heated  it  becomes  turbid,  and 
deposits  alloxantin,  together  with  a  vfkUe  9paringly  soluble  powder; 
when  heated  with  nitric  acid,  it  gives  off  carbonic  acid,  with  strong 
effervescence,  and  then  solidifies  on  cooling  to  crystals  of  alloxan. 
(Schlieper.)  —  The  tDhite  sparingly  soluble  poufder  mixed  with  the  allox- 
antin, remains  behind  when  the  alloxantin  is  dissolved  in  dilate  nitric  acid. 
It  is  not  altered  by  strong  nitric  acid;  dissolves  in  oil  of  vitriol,  whence  it 
is  but  slightly  precipitated  by  water;  is  insoluble  in  cold  water;  sparingly 
soluble  in  hot  water,  whence  it  is  deposited  by  cooling  and  evaporation; 
and  dissolves  in  ammonia,  forming  a  liquid,  which  dries  up  to  a  gum,  and 
forms,  with  nitrate  of  silver,  a  white  precipitate  which  turns  black  on 
boiling;  in  potash  it  dissolves  with  evolution  of  ammonia,  is  precipitated 
therefrom  by  acetic  but  not  by  hydrochloric  acid,  and  may  be  regarded 
as  the  ammonia-salt  of  a  peculiar  acid.  (Schlieper.)  —  To  obtain  this 
acid,  the  white  powder  is  boiled  with  potash- ley,  till  it  no  longer  gives 
off  ammonia  (whereby,  however,  an  alteration  appears  to  be  produced, 
as  hydrochloric  acid  then  produces  a  precipitate);  the  solution,  mixed 
with  acetic  acid  and  alcohol,  whereby  granular  crystals  are  precipitated, 
still  containing  potash;  these  crystals  redissolved  m  potash;  and  the  acid 
obtained  in  the  form  of  a  soft  white  crystalline  powder  by  snper- 
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saturating  the  hoi  eolation   with  hydrochlorio  acid  and  ooolinj^.     It 
contains  85-97  p.  c.  C,  1698  N,  3*21  H,  and  43*84  O,  and  is  therefore 
=:  C^^N^H'O*.     It  is  insoluble  in  cold  water,  but  dissoWes  with  tolerable 
facility  in  hot  water,  whence  it  separates  on  cooling.     It  dissolves  in  oil 
of  vitriol,  is  insoluble  in  nitric  acid,  and  even  in  boiling  ammonia;  b«t 
dissolves  readily   in   potash,   whence   it  is   precipitated  by  ammonia^ 
(Schlieper,  Ann,   Fkarm,   56,    10.)  —  When   2   pts.   of  nitric  acid  of 
6p.  gr.  1*25  and  1  pt.  of  uric  acid  are  mixed  together  all  at  once,  the 
mixture  becomes  heated  and  froths  in  the  course  of  a  minute  or  twoj  and 
the  heat  continually  increases,  till  at  length  the  liquid  suddenly  bolLs  and 
froths  over,  giving  off  an  abundance  of  red  vapours.     There  is  thus 
formed,  in  a  few  minutes,  a  clear  yellow  solution,  which  still  continues 
to  give  off  carbonic  acid  with   effervescence,   in  consequence  of  the 
decomposition  of  alloxan.     If  this  solution   be  suddenly  cooled,  the 
greater  part  of  the  alloxan  remains  undecomposed;  but  if  left  to  cool 
spontaneously,  it  solidifies,  after  long-continued  evolution  of  carbonic 
acid,  to  a  crystal  line  magma,  which  contains  nitrate  of  urea  together 
with  alloxan,  inasmuch  as  the  nitric  acid  converts  part  of  the  aUoxan 
into  parabanic  acid,  and  subsequently  the  parabanic  acid  into  urea. 
(Schlieper,  Ann.  Pharm  55,  254.) 

In  warm  dilute  nitric  acid,  uric  acid  dissolves  with  intumescence, 
proceeding  from  the  escape  of  carbonic,  nitrogen,  and  a  small  quantity  of 
nitric  oxide  gas,  and  forms  a  yellow  liquid,  containing  urea,  nitrate  of 
ammonia,  and  ailoxantin.  If  the  heat  be  continued,  the  last-mentioned 
substance  is  converted  into  alloxan  and  parabanic  acid;  and  the  latter,  on 
saturation  with  ammonia,  into  oxaluric  acid,  which  may  then  split  up 
into  oxalic  acid  and  urea.  (Wohler  &  Liebig.)  Allanturic  acid  is  also 
formed.  (Pelouze.)  —  The  solution  forms,  after  a  while,  a  purple  spot  on 
the  skin,  and  when  gently  evaporated  to  dryness,  leaves  a  purple-red 
residue.  —  When  uric  acid  is  gradually  added  to  warm  and  very  dilute 
nitric  acid,  till  the  latter  no  longer  acts  upon  it,  carbonic  acid  and  nitrogen 
gases  are  evolved  in  equal  volumes,  together  with  a  trace  of  nitric  oxide, 
and  there  is  formed  a  colourless  or  pale  yellow  solution,  which,  when 
mixed  with  excess  of  ammonia,  acquires  a  transient  purple  tint  if  still 
hot,  but  remains  colourless  if  it  has  been  previously  cooled,  and,  after 
cooling,  deposits  gelatinous  flakes  of  yellowish  or  reddish  tufts  of  needles 
of  oxalurate  of  ammonia. — The  solution,  when  gently  evaporated,  exhibits 
effervescence  at  isolated  spots,  assumes  an  onion-red  colour,  becomes  less 
acid  in  its  reaction,  and  then  deposits  ailoxantin  on  cooling.  The  remain- 
ing mother-liquor  becomes  redder  and  more  acid  by  further  evaporation, 
and  leaves  a  syrup,  from  which  parabanic  acid,  nitrate  and  oxalate  of 
ammonia,  and  nitrate  of  urea,  crystallise,  while  the  mother-liquor  still 
contains  jfree  urea  precipitable  by  nitric  acid.  The  solutiou  evaporated 
till  it  exhibits  an  onion-red  colour,  and  in  which  part  of  the  ailoxantin 
at  first  produced,  is  oxidised  to  alloxan  by  the  nitric  acid,  assumes  a  deep 
purple-red  colour  when  mixed  with  a  very  slight  excess  of  ammonia,  and 
on  cooling  deposits  gold-green  crystals  of  purpurate  of  ammonia^  usually 
mixed  with  a  reddish  yellow  powder  of  uramil.  If  the  ouantity  of  the 
alloxan  be  increased  by  further  evaporation,  an  excess  of  ammonia  im- 
parts a  transient  purple  colour  to  the  hot  liquid,  which  then,  on  cooling, 
frequently  deposits,  instead  of  the  green  crystals,  a  fiesh  coloured  gra- 
nular powder  of  raycomelate  of  ammonia.  (Wohler  &  Liebig.)  —  A 
solution  of  uric  acid  in  dilute  nitric  acid,  neutralized  with  ammonia  and 
evaporated,  gives  off  pure  carbonic  acid  gas,  recovers  its  acid  reaction. 


UKIC  ACID.  463 

and  yields  yellow  tafts  of  needles  of  oxalaraie  of  ammonia,  toffeUier  with 
oxalate  and  nitrate  of  ammonia.  (Wohler  &  Liebig.)  — -  Hot  dilate  nitric 
acid  saturated  with  uric  acid,  forms  with  ammonia,  yellow  or  yellowish  red 
flakes,  which  partly  aggregate  into  yellowish-white  crystalline  grains  con- 
taining oxalate  and  purpurate  of  ammonia;  the  solution  also  contains  urea. 
(Kodweiss,  Fogg,  19,  1.)  —  When  uric  acid  is  dissolved  in  warm  dilate 
nitric  acid,  carbonic  and  nitrous  acids  are  evolved;  the  yellow  saturated 
solution  colours  the  skin  deep  red  in  half  an  hour;  becomes  blood-red  when 
evaporated;  and  forms  with  lime-water,  a  white  precipitate  which  chars 
when  ignited.  (Scheele.)  —  The  deep  red  residue  obtained  by  gentle 
evaporation,  is  nearly  neutral,  somewhat  deliquescent,  soluble  wiui  red 
colour  in  water,  and  may  be  decolorised  by  any  acid;  when  too  strongly 
heated,  it  swells  up  like  a  sponge.  (Bergman.)  — -  The  red  aqueous  solution 
of  the  residue  loses  its  colour  when  heated,  but  again  leaves  a  red  residue 
when  evaporated.  (Eug.  Marchand,  J.  Chim,  mid,  17,  178.) 

6.  The  solution  of  perfectly  pure  uric  acid  in  cold  oU  of  vitriol,  gives 
off  at  1 80°  with  violent  effervescence,  sulphurous  acid,  carbonic  acid,  and 
carbonic  oxide,  and  leaves  sulphate  of  ammonia,  the  quantity  of  ammo- 
nia in  which  corresponds  to  30*54  per  cent,  of  nitrogen  m  the  uric 
acid.  (Heintz.  Fogg.  66,  137.)  Scheele  and  Bergman,  in  making  the 
experiment  with  impure  uric  acid,  likewise  observed  a  separation  of 
charcoal. 

7.  Uric  acid,  boiled  with  aqueous  Bichromate  of  potash,  gives  off 
carbonic  acid  and  ammonia,  and  forms  a  green  liquid,  from  which  alcohol 
throws  down  a  green  substance,  and  the  transparent  colourless  filtrate 
leaves  pure  urea  when  evaporated.  (Liebig.) 

8.  When  a  small  quantity  of  Permanganate  of  potash  is  gradually 
added  to  uric  acid  suspended  in  water,  a  brisk  effervescence  is  producea, 
and  the  filtered  yellowish  liquid  contains  in  solution  a  large  quantity  of 
manganous  oxide.  But  if  the  addition  of  the  permanganate  of  potash 
to  the  uric  acid  be  continued  till  the  precipitate  consisting  of  hydrated 
manganic  oxide  becomes  black-brown,  and  the  liquid  colourless,  the  filtrate 
then  no  longer  contains  manganese,  and  yields  on  evaporation  nothing 
but  small,  white,  opaque  prisms.  (Gregory,  Ann.  Fharm.  33, 336.)  [May 
not  these  crystals  ue  alloxanate  of  potash  )  The  following  description 
of  them  by  Gregory  seems  to  favour  such  a  view.]  The  crystals,  when 
heated,  give  off  hydrocyanic  acid  and  ammonia,  and  leave  a  large  quantity 
of  cyanide  of  potassium.  Their  aqueous  solution  forms  white  precipi- 
tates with  baryta-,  lime-,  lead-,  and  silver-salts;  the  baryta-precipitate 
dissolves  in  a  large  quantity  of  water;  the  lime-precipitate  not;  the  silver- 
precipitate  turns  yellowish  when  boiled;  by  decomposing  the  lead-preci- 
pitate with  sulphuretted  hydrogen  water,  and  evaporating,  the  free  acid 
IS  obtained  in  transparent  prisms,  which  have  a  very  sour  taste,  and  form 
an  easily  crystallisable  salt  with  ammonia.  —  According  to  another  state- 
ment of  Gregory's  (J.  pr.  Chem.  22,  273),  manganate  of  potash  produces 
urea  and  oxdlic  acia,  besides  the  peculiar  acid. 

9.  When  90  pts.  of  uric  acid  are  heated  in  a  capacious  vessel  with 
132  pts.  of  peroxide  of  manganese  and  294  pts.  oi  oil  (tf  vttrioL  ammonio- 
manganous  sulphate  is  formed,  and  cyanic  acid  evolved.  (Dobereiner, 
Gilb.  74,  418.)  The  mixture  of  these  three  bodies  gives  off  nitric  acid 
when  distilled.  (Liebig,  Pogg.  14,  466.)  —  When  uric  acid  is  boiled  with 
water  and  peroxide  of  manganese,  a  peculiar  dystalline  substance  is 
formed.  (Wohler  &  Liebig.) 

10.  Uric  acid  heated  with  water  9Xkdpero»%de  of  lead,  is  converted 
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into  allantoin,  una,  oxalic  aeid,  and  carbonic  acid.  (Wdhlor  &  liebig.) 
—  When  uric  acid  is  stirred  np  with  water  to  a  thin  pnlp,  and  findy 
puWerised  peroxide  of  lead  added  at  100°,  carbonic  acid  is  OTolved,  the 
peroxide  loses  its  colour,  and  the  mass  becomes  thick,  unless  there  is  a 
deficiency  of  water.  After  peroxide  of  lead  has  been  added  to  the  heated 
mass,  till  fresh  portions  retain  their  colour,  the  liquid,  if  filtered  hot, 
yields  crystals  of  allantoin  on  cooling,  while  urea  remains  in  the  mother- 
liquor,  and  oxalate  of  lead  is  left  on  the  filter.  The  carbonic  acid  is 
formed,  as  a  secondary  product,  by  the  action  of  the  peroxide  of  lead  <mi 
the  oxalate,  after  which  the  still  remaining  uric  acid  expels  the  carbonic 
acid  from  the  carbonate  of  lead;  hence  the  equation  is  : 

CUN«HH)*  -i-  20  4-  5H0  «  C^N^HSO*  +  C>NSHH>s  -i-  C«HK)*  (W|»Uer  &  Uebig.} 

i  At.  aUaotoin         urea  oxalic  acid 

AUanturic  acid  is  also  formed  in  this  reaction;  the  quantity  of  the  urea 
produced  varies  considerably,  and  is  often  very  small;  and  as  peroxide 
of  lead  converts  allantoin  into  allanturic  acid  and  urea^  even  in  the 
cold,  tiie  urea  appears  to  arise  from  the  allantoin,  merely  as  a  secondttnr 
product,  so  that  in  the  first  stage  of  the  decomposition  of  the  uric  acid, 
allantoin  is  obtained  without  any  urea.  (Pelouse,  H.  Ann.  Ckdm.  Fkys, 
6|  71;  also  Ann,  Fkarm,  44,  108.)  —  It  may,  therefore,  be  probably 
assumed,  that  the  uric  acid  is  first  converted  into  carbonic  acid  and 
allantoin,  and  the  latter,  by  the  further  action  of  the  peroxide^  into  nrea 
and  oxalic  acid : 

Fifit:  CWN*H*0«  +  2PbO*  +  2H0  =  C«N*H«0«  +  2C0«  +  2PbO; 

then:  C»N*H«0»  +  2PbO>  ■f.2H0  =  2C«N«HH)«  +  C^WO*  (  l[P^O,CCj  -Zl^ 

(Oerhardt,  Pr^cU.  1,  246.)  —  [168  pis.  (1  At.)  of  uric  acid  in  boiling 
water,  mixed  by  degrees  with  240  pts.  (2  At.)  peroxide  of  lead,  and 
ultimately  boiled  for  some  time,  give  off  at  first  carbonic  acid,  yield  a 
filtrate  containing  urea  as  well  as  allantoin,  and  leave  on  the  filter  oxalate 
of  lead,  together  with  undecomposed  uric  acid.  If,  therefore,  Gerhardt's 
view  is  correct,  it  must  at  least  be  supposed  that  the  peroxide,  in  conse- 
quence of  its  insolubility,  exerts  a  further  partial  decomposing  action 
on  the  allantoin  at  first  produced,  before  it  has  decomposed  the  whole 
of  the  unc  acid.l 

11.  Uric  acid  boiled  with  water,  ferricyanide  of  pot<imum,  and  pot- 
ash, yields  carbonate  of  potash  and  allantoin,  part  of  which  is  then 
further  transformed  into  Ian  tan  uric  acid  (ix.  445)  and  urea  (Schlieper). 
—  The  first  products  are  carbonate  of  potash  and  allantoin  : 

C>«N*HH>»  +  2C»SN«Pc2K'  +  4KO  +  2H0  =  C8N<H«0«  +  2(KO,CO»)  +  4C«N»FoS?. 

The  allantoin  thus  formed  is  then  resolved  by  the  action  of  the  excess 
of  potash  (to  1  At.  urea  there  were  used,  not  4  At.  bat  6  At.  potash), 
into  lantanuric  acid  and  urea: 

C^N^HW  +  2HO  «  C»N2H<0«  +  CN'H^O*, 

being  perhaps  first  converted  into  hydantoic  acid,  C*N*H'0*.  (Schlieper.) 

12.  With  Urchioride  of  gold,  uric  acid  forms  a  violet  precipitate. 
(Proust.)  —  Mercuroso-mercurie  nitrate  colours  it  yellow.  (Lassaigne.) 
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13,  Uric  acid  ignited  in  a  oovered  crucible  with  hydrate  of  potash, 
leares  a  oarbonaceoos  mass  containing  carbonate  and  cyaaate  of  potash 
and  cyanide  of  potassium,  whereas,  when  the  same  mixture  is  ignited 
in  an  open  crucible,  the  residae  consists  entirely  of  carbonate  of  potash. 
(Liebig  &  Lipowitz,  Ann,  Fkarm.  38,  356.)  —  When  fused  at  a  gentle 
heat  with  hydrate  of  potash,  uric  acid  does  not  blacken,  but  ^ives  off 
ammonia,  and  leaves  cyanide  of  potassium  together  with  oxalate  and 
carbonate  of  potash.  (day-Lussac,  Ann.  Chim.  Phys.  41,  398.)  —  By 
continued  boiling  with  solution  of  potash,  it  gives  off  ammonia  and  forms 
oxabte  of  potash.  (Kodweiss.)  —  ^f.  When  a  solution  of  uric  acid  in 
excess  of  a  tolerably  strong  solution  of  potash  was  heated,  for  several 
days,  nearly  to  the  boiling  point,  the  water  being  renewed  from  time  to 
time  as  it  evaporated,  a  slight  evolution  of  ammonia  took  place,  but  the 
greater  part  of  the  uric  acid  remained  unaltered  even  after  eight  days. 
The  solution  being  left  to  stand  in  an  open  vessel,  soon  absorbed  carbonic 
acid  from  the  air,  and  deposited  a  white  powder,  consisting  of  acid  urate 
of  potash,  which,  however,  after  about  four  weeks,  gradually  disap- 
peared, and  was  very  slowly  replaced  by  shining  tabular  crystals,  consisting 
of  the  potash-salt  of  a  new  acid,  Uroxanic  acid  C^°H**N*0".  The 
mother-liquor  contained  oxalic  acid,  formic  acid,  lantanuric  acid,  and 
urea,  together  with  the  potash-salt  of  another  peculiar  acid,  which,  sepa- 
rated as  a  white  powder,  on  addition  of  sulphuric  acid;  dissolved  in  nitric 
acid  with  evolution  of  gas,  like  uric  acid;  but  did  not  exhibit  any  red 
colouring  when  the  solution  was  evaporated,  or  the  residue  moistened 
with  carbonate  of  ammonia;  it  likewise  differed  from  uric  acid  in  being 
soluble  in  ammonia.  The  formation  of  uroxanic  from  uric  acid  is 
expressed  by  the  equation  : 

CWN<H*0«  +  6H0  =  CWN^RioO"; 

and  that  of  the  secondary  products  by  the  equation  : 

CWN*H»oO"  =  C2Nm^0«  +  C«N2H*0«  +  C^HSQ*. 

The  oxalic  acid  [and  the  peculiar  acid  above  mentioned?]  may  be 
regarded  as  che  product  of  a  further  decomposition.  (0.  Stadeler,  Ann. 
Pharm.  78,  286.)  IT. 

14.  Uric  acid  heated,  with  potassium  is  decomposed,  with  emission  of 
light,  yielding  charcoal  and  alkali.  A  similar  reaction  with  sodium,  but 
unattended  with  emission  of  light.  (Gay-Lussac  &  Th^nard.) 

Comhinaiians,  With  Water. — a.  Hydrate  of  Urieaeid? — 1.  Uric 
acid  precipitated  from  the  potash-solution  by  hydrochloric  acid,  forms  at 
first  a  tumefied  jelly,  probably  consisting  of  hydrate,  which,  however, 
soon  sinks  together  in  the  liquid,  in  the  form  of  the  anhydrous  crystal- 
lised acid.  (Prout.) — 2.  The  crystalline  uric  acid,  precipitated  from  its  cold 
solution  in  dilute  potash  by  hydrochloric  acid,  always  retains  water,  part  of 
which,  however  escapes  on  exposure  to  the  cold  air,  and  the  more  quickly 
as  the  crystals  are  smaller;  hence  this  water  has  always  been  overlooked. 
When  pigeons'  dung  is  exhausted  with  aqueous  borax,  as  in  Bottger*s 
process,  the  filtrate,  on  being  mixed  with  hydrochloric  acid,  deposits  the 
greater  part  of  the  uric  acid  in  small  crystals;  but  the  decanted  liquid, 
when  left  to  stand  quietly,  deposits  much  larger  arborescent  crystals, 
which  have  a  light  brown  colouring,  arising  from  the  presence  of  other 
organic  substances,  do  not  eflioresce  in  the  air,  give  off  21*52  p.  c. 
water  (4  At  [or  rather  5  At.]),  at  100'',  and  likewise  in  sunshine,  or 
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under  a  bell-Jar  over  oil  of  vitriol,  or  when  boiled  with  water,  becomior 
opaque  at  the  same  time.  The  smaller  crystals  exhibit  this  effloresced 
appearance  only  under  the  microscope,  the  previously  transparent,  smooth 
square  tables  then  appearing  rough.  (Fritzsche,  J,  pr.  Ckan,  17,  56.) 

&.  Aqueous  Uric  add,  —  Uric  acid  dissolves  in  1720  pts.  (VV.  Henry), 
in  2800  (G(bel),  in  10,000  (Prout),  in  15,000  pts.  (Bensch)  of  cold  water, 
and  in  300  pts.  (Scheele),  in  500  (Pearson),  in  760  (Gobel,  in  1400 
(W.  Henry),  in  1800  (Bensch)  of  boiling  water,  from  which  it  separates 
ill  small  ciystals  on  cooling.  The  solution  does  not  putrefy.  (Pearson.) 
£veu  in  cold  water  it  forms  a  cloud  with  lead  and  silver-salts.  (Bensch.) 
Tiie  cold  solution  does  not  redden  litmus-paper,  but  the  hot  solution 
reddens  it  quickly  and  strongly.  (Gobel,  Schw.  58,  475.) 

SidpkcU^  of  Uric  acid  ?  —  Uric  acid  dissolves  with  brown  colour  in 
cold  oil  of  vitriol,  and  is  precipitated  therefrom,  with  milky  turbidity,  by 
water.  (Wetzlar.)  Warm  oil  of  vitriol  saturated  with  serpents'  urine, 
yields  on  cooling,  rather  large  crystals  of  sulphate  of  uric  acid,  which  may 
be  freed  from  adhering  sulphate  of  ammonia  by  washing  with* cold  oil 
of  vitriol,  solution  in  warm  oil  of  vitriol,  and  crystallisation  by  cooling. 
Tolei-ably  large,  transparent,  colourless  crystals,  which  melt  at  7U° 
without  decomposing,  and  solidify  in  a  crystalline  mass  on  cooling;  they 
decompose  at  170°;  absorb  moiijture  greedily  from  the  air,  and  become 
opaque  from  separation  of  uric  acid;  and  are  decomposed  by  water,  even 
in  small  quantity,  into  dilute  sulphuric  and  a  precipitate  of  uric  acid. 
(Fritzsche,  /.  />/•.  Chem.  14,  243.) 

Crystals,  Fritzsche. 

C»«N^HK)« 168  ....  30-00  28-65 

8  S0» 320  ....  57-14  57-08 

8  Aq 72  ....  12-86  14-2; 

CWN^H*0«,8SO»+8Aq.         5€0     ....  lOO'OO     100-00 

Or:  according  to  Dessaignes  (i\r.  J,  Fkarm,  25,  31 .) 

Deasaignes. 

CiON^H^QO   168    ....     36-37     36-1*9 

6S0»  240     ....     51-961  ^-.o^ 

6Aq    54     ....     11-67/ ^^^^ 

C»"N<H*0«,6SO«  +  6Aq.     462    ....  10000     9987 

The  crystals  asalysed  by  Deasaignes  were  purified  by  draioing  between  porous 
pUtes. 

Urates  or  Liiliates,  —  Uric  acid  is  one  of  the  weakest  of  all  acids  in  its 
affinity  for  salifiable  bases,  especially  for  the  alkalis;  nevertheless,  it 
decomposes  soaps  and  the  sulphides  of  the  alkali-metals  with  the  aid  of 
heat  (W.  Henry),  and  withdraws  half  the  alkali  from  the  aqueous 
solutions  of  the  alkaline  monocarbonates,  thereby  converting  them  into 
bicarbonates,  which  in  closed  vessels  it  does  not  decompose  any  further. 
(Wetzlar.)  It  likewise  dissolves  in  aqueous  borax,  and  in  ordinary 
phosphate  of  soda  (Al.  Ure),  in  the  form  of  acid  urate  of  soda.  —  The 
urates  are  partly  bibasic  or  neiUral  =  C*°N*H*M'0*,  partly  monobasic  or 
acid  =  C^°N*H'MO".  From  the  neutral  alkaline  urates,  even  carbonic 
acid  abstracts  half  the  alkali.  (Bcusch  &  Allan.)  Nearly  all  the  urates 
are  insoluble  or  sparingly  soluble  in  water. 
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Acid  UraU  of  Ammonia,  —  Neutral  urate  of  ammonia  cannot  be  prepared  in 
any  way  (Bensch  &  Allan.)  —  The  acid  salt  occurs  in  many  human  urinary  calculi; 
it  forms*  the  principal  part  of  birds*  and  serpents'  urine.  —  Urio  acid  abstracts 

ammonia  from  the  aqueous  solution  of  sesqaicarbonate  of  ammonia,  till 
that  salt  is  converted  into  the  bicarbonate.  (Wetzlar.)  When  immersed 
in  aqueous  acetate  of  ammonia,  which  thereby  acquires  the  power  of 
reddening  litmus  slightly,  it  is  converted  into  urate  of  ammonia,  part  of 
which  dissolves.  Similarly,  in  a  solution  of  diphosphate  of  ammonia, 
only  in  this  case  the  liquid  does  not  acquire  any  acid  reaction,  and  holds 
in  solution  a  larger  quantity  of  urate  of  ammonia.  In  solution  of  sal- 
ammoniac,  on  the  contrary,  it  remains  unaltered.  (Gm.)  —  Uric  acid  dried 
at  100°,  does  not  absorb  ammoniacal  gas  at  any  temperature  between 
0°  and  170°.  (Bensch.)  —  1.  Uric  acid  heated  with,  excess  of  aqueous 
ammoniac,  swells  up  to  a  mass,  which,  after  washing  and  drying  over  lime, 
appears  white  and  amorphous,  and  amounts  to  110*18  pts.  for  every  100. 
pts.  of  acid  used.  (Bensch.)  —  2.  Uric  acid  suspended  in  water,  and 
mixed  with  excess  of  ammonia  while  the  liquid  is  boiled,  yields  the  salt 
in  needles,  which  must  be  dried  over  lime.  (Bensch.)  —  3.  If  a  large 
quantity' of  water  be  used  in  this  process,  and  the  liquid  filtered  boiling 
hot,  it  yields  on  cooling  a  white  curdy  mass  of  the  same  salt,  which  may 
be  dried  over  lime  in  an  atmosphere  of  ammonia.  (Bensch.) — 4.  The 
hot  aqueous  solution  of  acid  urate  of  potash  forms,  with  sal-ammoniac,  a 
white  precipitate,  which  is  to  be  washed  with  water,  then  boiled 
with  it,  whereupon  it  swells  up  strongly;  and  lastly,  dried  over  lime. 
(Bensch,  Lehmann,  J,  pr.  Chem,  25,  15.)  —  5.  An  aqueous  solution 
of  neutral  urate  of  potash  is  precipitated  by  neutral  oxalate  of  ammonia. 
(Coindet.) 

•  Colourless  amorphous  mass  or  needles. 

Bensch. 


IOC 
5N 
7  H 
60 


60 
70 

7 
48 


(l)a#100'».  (2)flM40'. 

32-43     32*60     ....     32-43     .. 

37-84     37-65     ....     37*89     .. 

3-78     3-92     ....      3-85     .. 

25-95     25*83     ....     25*83     .. 


(3)  dried 
over  lime. 

32-26 

38-14 
3-91 

25-69 


C>«Nni»(NH<)06    185     ....  100-00     100-00 


100-00     ....  10000 


Or: 


NH' 

C^WH^O* 


17 
168 


9-19 
90*81 


Bensch. 

(2)  (4) 

8-97     ....    9-39 


Lehmann. 

(4) 

86-46 


Coindet. 

a.  b, 

16*04  ....  8-68 


185  ....  100-00 

The  salt  (a)  analysed  by  Coindet  {BibU  Univ,  30,  490)  is  that  obtained  by  (5) ; 
b  is  found,  according  to  that  chemist,  in  the  unne  of  birds.  But  the  existence  of  the 
former  salt,  which  would  be  neutral  urate  of  ammonia,  is,  according  to  Allan  &  Bensch, 
extremely  doubtful.  —  Liebig,  by  burning  the  ammonia-salt  with  oxide  of  copper, 
obtained  2  vol.  carbonic  acid  gas  to  1  vol.  nitrogen  » 10  :  5. 

The  salt,  when  heated,  first  gives  off  its  ammonia.  (Fourcroy.)  — 
Pure  urate  of  ammonia,  in  the  moist  state,  does  not  undergo  any  altera- 
tion by  exposure  for  months  to  light  and  air;  but  if  it  contains  other 
animal  substances,  which,  appear' to  act  as  ferments,  it  is  converted  into 
acid  oxalate  of  ammonia,  a  certain  quantity  of  oxygen  being  at  the  same 
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time  transfonned  into  oarbonio  acid.  (J.  Davy.)  —  The  moist  urine  of  tbe 
white-headed  sea-eagle,  which,  in  addition  to  arate  of  ammonia,  contains 
a  certain  quantity  of  animal  matter,  changes,  when  kept  for  two  months 
in  a  loosely  closed  glass  vessel,  into  a  mass  which  smells  of  ammonia  and 
guano;  and,  like  the  latter  substance,  is  white  and  composed  of  micro- 
scopic crystals  on  the  outside,  while  the  interior  is  coloured  brown  by  a 
substance  soluble  in  water.  The  same  decomposition  takes  place,  even  in 
the  dark;  but  the  quantity  of  oxalate  of  ammonia  then  produced  is  not 
so  great.  In  well  closed  vessels  containing  but  little  air  (which,  under 
these  circumstances,  is  converted  into  a  mixtnre  of  36  pts.  nitrogen  gas 
and  64  pts.  carbonic  acid),  the  urine  undergoes  but  little  change,  not 
acquiring  any  ammoniacal  odour,  and  containing  only  traces  of  oxalic 
acid,  resulting  from  the  decomposition;  no  oxalic  acid  is  formed  when  the 
moist  urine  is  heated  for  some  time  to  100°  in  a  closed  vessel,  but  a  large 
quantity,  if  it  be  mixed  with  pulverised  peroxide  of  manganese.  (J.  Davy, 

N,  Ed,  rkU,  J.  36,  294;  38,  226.)  —  Before  the  other  products  formed  in  this 
reaction  are  known,  it  is  perhaps  premature  to  calculate  the  results  atoichiometricallj,  as 
attempted  by  Den  ham  Smith  {PhiL  Mag.  J,  26,  138.} 

Urate  of  ammonia  immersed  in  hydrochloric  acid  swells  up,  and 
after  a  while  yields  free  uric  acid  in  the  form  of  a  crystalline  powder 
^Benech);  but  for  the  complete  removal  of  the  ammonia,  the  salt  must  be 
digested  with  the  hydrochloric  acid  for  24  houi-s;  acetic  acid  acts  still 
more  slowly.  (Lehmann.)  Commom  salt  or  phosphate  of  soda  converts 
urate  of  ammonia  dissolved  in  water  into  urate  of  soda.  (Heintz.)  Urate 
of  ammonia  dissolves,  according  to  Front,  in  480  pts.,  and  according  to 
Bensch,  in  1608  pts.  of  water  at  15°,  more  abundantly  in  hot  water. 
From  a  mixture  of  uric  acid  and  urate  of  ammonia,  the  latter  salt,  being 
the  more  soluble,  is  extracted  in  greater  quantity  by  boiling  for  a  short 
time  with  water.  (Bug.  Marchand.)  The  solution,  when  boiled  for  a 
longer  time,  gives  off  all  its  ammonia,  and  .deposits  crystalline  uric  acid. 
(Bensch.)  Acetate  or  hydrochlorate  of  ammonia  precipitates  the  arate 
of  ammonia  from  it  in  the  amorphous  state.  (Bence  Jones.)  Urate  of 
ammonia  dissolves  but  sparingly  in  aqueous  ammonia;  consequently, 
carbonate  of  ammonia  added  to  a  solution  of  uric  acid  in  excess  of  potash 
or  soda,  throws  down  the  greater  part  of  the  uric  acid  in  the  form  of  the 
ammonia-salt,  although  a  considerable  quantity  of  ammonia  is  at  the 
same  time  set  free.  (W.  Henry.) 

Urate  of  Ammonia  tinth  Glycocol,  —  A  solution  of  1  At.  glycocol  and 
]  At.  urate  of  ammonia  in  hot  water,  yields  on  cooling,  a  quantity  of 
nakes,  which  increase  on  addition  of  alcohol,  and  appear,  when  exannned 
bv  the  microscope,  to  consist  of  small  prisms.  (Horsford^  Ann.  Fharm. 
60,  38.) 

CryttaU  dried  over  oil  qf  vitriol.  Horsford. 

14  C  84  ....  32-31     32-46 

tt  N 84  ....  32-31 

12  H 12  ....       4-61     4-40 

10  0 80  ....  30-77 

CMN<H'(NH^)0«  +  C*NHW 260    ....  100*00 

Urate  op  Potash.  —  a,  Paste.  —  Uric  acid  dissolves  readily  in 
excess  of  potash,  forming  a  liquid  which  has  a  sweetish  taste,  froths  like 
soap-water,  and  is  precipitated  even  by  carbonic  acid.  (Scheele.)  The 
precipitate  formed  by  carbonic  acid  is  acid  urate  of  potash,  which  at  first 
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forms  a  jelly^  and  then  contracts  to  a  powder;  but  a  cotasiderable  portion 
of  it  remains  dissolv^ed  in  the  bicarbonate  of  potash,  (Wohler  &  Liebig, 
Ann,  P/tajTii.  26,  342.)  Basic  urate  of  potash  forms,  with  carbonate  of 
ammonia,  a  precipitate  of  urate  of  ammonia^  and  precipitates  all  salts  of 
the  earthy  alkalis,  earths,  and  heavy  metallic  oxides.  (W.  Henry.) 

b,  Neutral,  —  1.  Uric  acid  is  added  to  a  cold  dilute  solution  of 
potash  free  from  carbonic  acid,  as  long  as  it  remains  clear;  the  solution, 
boiled  in  a  retort  till  delicate  needles  separate  out;  then  taken  off  the 
fire,  and  decanted  after  a  few  minutes;  and  the  needles  washed,  first 
with  weak  and  then  with  strong  alcohol.  (Allan  &  Bensch.)  —  2.  A 
solution  of  1  pt.  of  hydrate  of  potash  free  from  carbonic  acid,  in  15  pts. 
water,  is  saturated,  at  ordinary  temperatures,  with  uric  acid  suspended 
in  water  and  added  in  successive  portions;  the  clear  solution  heated  in  a 
fiask  and  mixed  with  twice  its  bulk  of  boiling  80  per  cent,  alcohol;  strong 
potash-ley  dropt  into  the  mixture,  which  remains  clear  and  deposits 
bundles  of  needles;  and  the  mother- liquor  decanted  from  these  after 
cooling;  and  the  needles  washed  several  times  with  alcohol  by  decan- 
tation,  then  on  the  filter  with  ether,  freed  from  the  ether  by  evaporation 
in  vacuo,  and  dried  completely  in  a  current  of  air  free  from  carbonic 
acid.  During  the  whole  operation,  the  air  must  be  completely  excluded, 
because  the  carbonic  acid  contained  in  it  would  exert  a  decomposing 
action.  (Bensch.) 

Colourless  needles,  or  soft  white  crystalline  powder,  having  a  strong 
caustic  taste.  (Allan  &  Bensch.) 

Allan  &  Bensch  Bensch 

CryriaU  at  UO"".  (1)  (2) 

2  KO 94-4  ....  38-62  38*23  ....  37*94 

IOC CO-0  ....  24-55  24-22  ....  24-25 

4  N 56-0  ....  22-92  2278 

2  H 2-0  ....  0-82  0-94  ....  091 

4  0 32-0  ....  13-09  ....  14-12 


C»«N*H»K*0«    244-4    ....  lOO'OO  10000 

The  crystals  are  anhydrons,  and,  after  drying  at  ordinary  temperatures  in  a  stream 
of  hydrogen  or  of  air  free  from  carbonic  acid,  do  not  undergo  any  further  diminution  of 
weight  at  120*^.  (Allan  &  Bensch.) 

The  crystals  turn  yellow  at  150°,  black  at  higher  temperatures, 
then  melt,  and  slowly  bum  to  a  white  residue.  The  moist  or  dissolved 
salt,  when  brought  m  contact  with  carbonic  acid,  rapidly  absorbs  that 
gas,  and  is  converted  into  acid  urate  of  potash.  100  pts.  of  the  dry 
crystals,  moistened  and  introduced  into  an  atmosphere  containing  car- 
bonic acid,  then  dried  again  at  100°,  exhibit  an  increase  of  weight 
amounting  to  13*425  pts.,  because  1  CO'  and  1  HO  have  been  added  to 
them,  the  products  being  1  At.  acid  urate  of  potash  and  1  At.  carbonate 
of  potash,  easily  removable  by  water.  (Bensch.)  244-4  (nieutml  salt)  : 
22  +  9  =  100  :  12*68.  —  The  Fait  is  gradually  resolved  by  boiling  with 
water  into  the  acid  urate  and  free  potash.  It  dissolves  in  36  pts.  of 
water  at  15°,  the  dissolved  portion,  however,  appearing  richer  in  potash 
than  the  residue,  -—  very  sparingly  in  alcohol^  and  not  at  all  in  ether. 
(Allan  &  Bensch.) 

c.  Acid. — Formati&n.     1.  By  the  action  of  carbonic  acid  on  the 
baaio  or  neutral  salt.  —  8.  By  tne  action  of  orie  acid  on  a^neons  ear- 
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bonate  of  potash.    Uric  acid,  immersed  in  a  concentrated  solntioii  of 
neutral  carbonate  of  potasb,  swells  up  to  a  jelly  consisting  of  this  salt, 
which  does  not  perceptibly  dissolvej  as  the  bicarbonate  of  potash  formed 
at  the  same  time  gradually  gives  off  carbonic  acid  in  open  vessels,  the 
decomposition  goes  on  slowly,  if  sufficient  uric  acid  is  present^  till  the 
wholo  of  the  carbonic  acid  is  expelled.     The  solution  of  carbonate  of 
potash  in  8  pts.  of  water  dissolves  a  small  quantity  of  uric  acid,  which,  in 
a  short  time,  is  almost  wholly  precipitated  as  acid  urate  of  potash;  the 
solution  in  24  pts.  of  water  takes  up  a  large  quantity  of  uric  acid,  then 
quickly  becomes  turbid,  and  deposits  thick  flakes  of  acid  urate  of  potash; 
and  the  filtrate  exhibits  the  same  reaction  with  fresh  uric  acid,  till  the 
whole  of  the  potash  is  converted  into  urate,  a  laige  quantity  of  which 
then  remains  dissolved  in  the  water.     The 'solution  in  100  to  200  pts. 
of  water  dissolves  uric  acid  quickly  and  abundantly;  the  undissolved 
portion  is  free  from  potash,  and  the  solution  contains  aoid  urate  and 
bicarbonate  of  potash.  (Wetzlar.)  —  [Hence  it  may  be  concluded  that 
acid  urate  of  potash  is  much  more  soluble  in  pure  water  than  in  water 
containing  carbonate  of  potash.]  —  When  uric  acid  is  gradually  added 
to  a  boiling  solution  of  1  pt.  neutral  carbonate  of  potash  in  90  pts.  water, 
2  pts.  of  the  uric  acid  are  taken  up,  with  evolution  of  carbonic  acid,  and 
the   solution   on  cooling  deposits  crystalline  nodules  of  acid  urate  of 
potash;  at  a  lower  temperature  it  takes  up  much  less.  (Lipowitz.)  — 
A  perfectly  neutral  solution  of  acetate  of  potash  boiled  with  uric  acid, 
acquires  the  property  of  reddening  litmus,  doubtless  from  liberation  of 
acetic  acid;  but  on  cooling,  the  uric  acid  is  deposited  almost  free  from 
pota«h,  and  the  liquid  retains  but  a  slight  acid  reaction.  (Lipowitz.) 

Preparation,  ^  A  solution  of  uric  acid  in  potash-ley,  or  of  the  neutral 
salt  in  water,  is  precipitated  by  passing  carbonic  acid  through  it;  the 
granular  salt  thereby  precipitated  washed  with  cold  water  and  dissolved 
in  boiling  water;  and  the  solution  cooled,  whereupon  it  deposits  flakes, 
which  dry  up  on  the  filter  to  an  amorphous  mass.  (Bensch.)  —  2.  A 
warm  solution  of  potash  saturated  with  uric  acid,  is  evaporated  to  the 
consistence  of  a  pulp  :  this  mass  washed  by  stirring  with  a  small 
quantity  of  cold  water;  and  the  residue  strongly  pressed  between  paper 
and  crystallised  from  solution  in  hot  water.  (Braconnot.)  [If  Oiii  process 
vere  conducted  withoat  contact  of  air,  the  neutral  salt  woold  be  obtained ;  bat  as  the 
carbonic  acid  in  tbe  air  partly  converts  this  salt  into  the  add  salt,  Braconnot's  prodoct 
must  be  regarded  as  a  mixture  of  the  neutral  and  acid  salts,  a  view  irhich  is  indeed 
corroborated  by  Braconnot's  description.] 

Properties.  White,  granular  or  aggregated  amorphous  mass,  tasteless 
and  neutral.  (Bensch.)     White,  crystalline,  alkaline,  and  sweet.  (Braconnot.) 

At  100^  Bensch.       Kodweiss.      B^rard.     Braconnot. 

KO 47-2     ....  22-89  ....    2230    ....     23*65     ....     2989    ....     33-6 

10  C 60-0     ....  29-10  ....     28-58 

4N .:.     56-0    ....  27-16  .... 

3  H 3-0     ....  1-45  ....       1-63 

5  0 40-0     ....  19-40 

CWNm»KO« ....    206-2    ....  lOO'OO 

The  salt  yields  cyanide  of  potassium  when  ignited  alone,  and  sulpho- 
cyanido  when  ignited  with  sulphur.  (Dobereiner.)  It  absorbs  carbonic  acid 
from  the  air.  (Braconnot.)     [Because  his  salt  was  partly  neutral.]     It  dissolves  io 

7*90  pts.  of  water  at  20^,  and  in  79  pts.  of  boiling  water.    (Benseh.) 
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It  scarcely  dissolves  ia  water,  excepting  at  a  boiliDg  heat,  and  separates 
out  again  almost  completely  when  left  to  stand  for  some  time.  (Braconnot.) 
The  hot  solution  solidifies  by  slow  cooling,  to  a  transparent  gelatinous 
lump.  (Wetzlar.)  The  aqueous  solution  is  precipitated  by  sal-ammoniac, 
bicarbonate  of  potash,  or  soda,  and  by  saltti  of  barium,  lead,  and  silver, 
but  not  by  sulphate  of  magnesia.  (Benscb.)  The  «alt  does  not  dissolve 
in  alcohol  or  ether.  (Bensch.) 

Urate  of  Soda.  —  a.  Basic.  —  Like  the  potash-salt. 

b,  Neiitral,  —  Prepared  by  the  same  two  methods  as  nentral  urate  of 
potash.  The  first  of  these  succeeds  better  with  the  soda  than  with  the 
potash  salt;  in  applying  the  second  in  this  case,  only  one  volume  of 
alcohol  must  be  added  instead  of  two,  and  the  nodules  thereby  separated 
washed  as  above  with  alcohol  and  ether.  —  The  solution,  concentrated  by 
boiling,  deposits  the  salt  in  hard  nodules,  which  have  a  very  strong 
alkaline  reaction,  and  dry  up  to  a  tolerably  hard  white  powder. 
(Bensch.) 

CryaiaU. 

2  NaO 62-4  .... 

IOC 60-0  .... 

4  N 56-0  .... 

4  H 40  .... 

6  0 48-0  .... 


Allan& 

Bensch. 

Rensch. 

2708     ... 

27-09 

....     27-34 

2604     ... 

26-39 

24-30     ... 

25-15 

1-74     ... 

...       1-79 

20-8  i     ... 

19-58 

CWN*H2Na20«  +  2Aq 230-4     ....  100-00     lOO'OO 

The  crystals  analysed  by  Bensch  were  previoasly  dried  at  120"  in  a  stream  oF  air 
free  from  carbonic  acid ;  those  analysed  by  Allan  &  Bensch,  in  a  stream  of  hydrogen 
at  100*. 

The  crystals,  after  drying  at  100®,  give  off  2  At.  water  at  140**. 
They  decompose  at  150°,  melt  at  a  stronger  beat,  and  leave  a  black 
residue,  which  ultimately  burns  white.  The  moist  crystals  are  decom- 
posed, even  by  the  carbonic  acid  in  the  air,  into  acid  urate  and  carbonate 
of  soda.  100  pts.  of  the  crystals  dried  at  100°  and  introduced  into 
carbonic  acid  gas,  after  being  moistened  with  water,  exhibit,  after  drying 
at  100°,  an  increase  of  weight  amounting  to  9'942  pts.,  arising  from 
1  At.  carbonic  acid,  the  product  being  C^'^N^H'NaO*  +  NaO,CO^ 
230-4  :  22  =  100  :  9-55.  (Bensch.)  —  The  crystals  dissolve  in  62  pts.  of 
water  at  15°,  the  soda  being,  however,  taken  up  in  rather  larger  pro- 
portion, and  the  undissolved  portion  containing  therefore  a  certain 
quantity  of  the  acid  salt.  (Allan  &  Bensch.) 

c.  Acid.  —  Occurs  in  gouty  concretions.  (Wollaston.)  —  Formation, 
By  the  action  of  carbonic  acid  on  the  neutral  Ealt.  —  2.  By  treating 
nric  acid  with  aqueous  carbonate,  borate,  phosphate,  or  acetate  of  soda. 
—  Uric  acid  exhibits,  with  neutral  carbonate  of  soda,  nearly  the  same 
reaction  as  with  carbonate  of  potash,  excepting  that  a  fewer  degree  of 
concentration  is  sufficient  to  prevent  the  solution  of  the  resulting  acid 
urate  of  soda.  (Wetzlar.)  The  reaction  with  a  boiling  solution  of  car- 
bonate of  soda,  is  also  similar,  in  every  respect,  to  that  already  described 
with  boiling  carbonate  of  potash.  (Lipowitz.)  —  Uric  acid  dissolves  in 
aqueous  borax,  even  when  sufficient  boracic  acid  is  added  to  redden 
litmus,  only  more  slowly  in  that  case,  —  forming  acid  urate  of  soda, 
whiqh  is  precipitated  if  the  solution  is  strong,  the  liquid  then  taking  up 
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a  fresh  qnantity  of  urio  acid.  (Wetzlar.)     A  oonoentrated  solation  of 
borax   takes   up  less  uric  acid  than  a  dilate  solution.  (Bdttger.)     A 
solution  of  borax  in  20  pis.  of  water  (if  less  water  is  present^  the  orate  of 
soda  which  coats  the  uric  acid  prevents  the  solution)  takes  up  a  large 
quantity  of  urio  acid,  and  on  cooling  deposits  acid  urate  of  soda,  amount- 
ing, when  dried  at  100°,  to  1702  percent,  (Kodweiss.)     A  solution  of 
1  pt.  borax  in '  90  pts.  water  dissolves,  even  at  a  moderate  heat,  rather 
more  than  1  pt.  of  uric  acid,  and  on  cooling  deposits  gelatinous  urate  of 
soda,  part  of  which  however  remains  in  solution.     A  solution  of  borax 
of  the  above  strength,  mixed  with  excess  of  boracic  acid,  dissolves  the 
same  quantity  of  uric  acid,  but  on  cooling  deposits  the  whole  of  the 
resulting  urate  of  soda.  (Lipowltz.)  —  With  ordinary  diphosphate  of  9oda 
(2NaO,HO,PO^)  uric  acid  forms  acid  orate  of  soda,  the  phosphate  of 
soda  being  also  thereby  rendered  acid.    (Alex.   Ure,  JRepert,  75,  65.) 
When  uric  acid  is  boiled  with  this  salt,  a  large  quantity  of  it  dissolve^ 
so   thnt,  on  cooling,  a  bulky  precipitate  of  urate  of  soda  is  formed, 
although  a  large  quantity  still  remains  in  solution;  when  uric  acid  is 
boiled  with  ordinary  acid  phosphate  of  soda  (NaO,2HO,PO"),  only  a 
small  quantity  of  it  dissolves.  (Lipowitz.)     The  solution  of  uric  acid  in 
ordinary  diphosphate  of  soda  yields,  on  cooling,  tufts  of  needles  of  urate 
of  soda.  (Heintz.)     Bird  {Lotid,  Med,  Gat.  1844,  Aug.)  regarded  these 
crystals  as  a  compound  of  uric  acid  with  phosphate  of  soda,  inasmuch  as 
they  left  the  latter  salt  when  ignited;  but  Heintz  obtained  carbonate  of 
soda.     The  mother-liquor  of  these  crystals  boiled  with  fresh  uric  acid, 
yields  on  cooling  a  small  deposit  containing  less  soda;  and  by  repeatedly 
boiling  the  mother-liouor  with  fresh  acid  and  cooling,  a  deposit  of  one 
acid  is  finally  obtained,  which  contains  only  a  trace  of  soda,  and  exhibits 
the  form  of  long  rhombic  tables  with  truncated  comers,  like  the  oric  acid 
which  separates  from  urine.  —  With  phosphate  of  soda  and  ammonia, 
uric  acid  behaves  as  with  phosphate  of  soda,  excepting  that  the  preci- 
pitate which  separates  on  cooling,  consists  of  a  large  quantity  of  urate  of 
ammonia  with  a  small  quantity  of  urate  of  soda.  (Heintz,  Ann.  Pkarm. 
55,  62.)  —  Uric  acid  does  not  decompose  a  solution  of  common  saU.  (6m.) 
—  It  dissolves  abundantly  in  warm  aqueous  acetate  of  soda,  and  crystal- 
lises  partially  and  free  from  soda  on  cooling,  while  the  rest  remains 
dissolved  as  soda-salt  in  the  liquid,  which  becomes  turbid  on  addition  of 
acetic  acid,  hydrochloric  acid,  or  sal-ammoniac,  especially  if  the  sides  of 
the  vessel  be  rubbed  with  a  glass  rod.  (Gm.  ffeiddb,  Jahrb,  d»  Lit,  1823, 
767.)  —  3.  By  decomposing  urate  of  ammonia  with  chloride  of  sodium. 
^-  Acid  urate  of  ammonia  dissolves  at  a  boiling  heat^  more  abundantly 
in  water  containing  common  salt  than  in  pure  water,  and  the  solution 
on  cooling  deposits  an  amorphous  powder,  consisting  of  acid  urate  of 
soda  and  a  very  small  quantity  of  urate  of  ammonia,  while  sal-ammoniac 
remains  in  the  motheMiquor.     The  ammonia  in  the  precipitated  powder  . 
amounts  to  only  0*06  to  0*09  per  cent.,  the  quantity  being  smaller  as 
the  solution  of  salt  is  more  saturated.     When  uric  acid  is  boiled  with  a 
solution  of  common  salt  containing  ammonia,  the  filtrate  on  cooling 
yields  needles^  containing  rather  more  than  1  At.  urate  of  ammonia  to 
1  At.  urate  of  soda.  (Heintz.) 

For  experiments  on  the  different  degrees  of  solubility  of  uric  acid  in 
water  containing  small  quantities  of  carbonate  or  borate  of  ammonia, 
potash,  or  soda,  whence  it  appears  that  carbonate  and  borate  of  potash, 
and  therefore  also  tartarised  borax,  are  the  best  solvents  for  urinary 
calculi;  vid,  Alex.  Ure.  (</.  Chim  med.  18,  63.) 
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PripartUion.  1.  Carbonic  aoid  is  passed  throagh  the  aqueous  sola* 
tion  of  the  neutral  or  basic  salt,  and  the  small  nodules  thereby  separated, 
washed  on  the  filter  with  cold  water  and  dried.  (Bensch.)  —  2.  A  boiling 
solution  of  uric  acid  in  soda-ley  is  mixed  with  bicarbonate  of  soda,  and 
the  small  needles  which  separate  treated  as  above.  (Bensch.) 

The  salt  when  dry  is  a  white  light  powder,  and  its  aqueous  solution 
is  neutral  to  vegetable  colours.  (Bensch.)  After  drying  at  100°  it  gives 
off  4'54  p.  c.  (1  At )  water  at  170°.  (Bensch.)  When  heate<l,  it  car- 
bonises quickly  without  fusing,  emits  an  animal  empyreumatic  odour, 
and  leaves  a  residue  of  charcoal,  cyanide  of  sodium,  and  carbonate  of 
soda.  (Fourcroy.)  By  dry  distillation,  it  yields  carbonate  of  ammonia, 
hydrocyanic  acid,  p3nro-urio  acid,  und  empyreumatic  oil.  (Wollaston, 
Phil,  Trans.  1797,  386.)  —  It  dissolves  in  1150  pts.  of  water  at  lo°,  and 
in  124  pts.  of  boiling  water,  forming  a  solution  which  is  precipitated  by 
alkaline  carbonates^  and  by  baryta,  lead,  and  silver  salts.  (Bensch.) 


IOC   

At  100°. 

31-2 

600 

....     16-40 

..••      31*00      .... 

....    29-44 

.••.       1  oo     .... 

....    21-03 

Bensch. 
31-34 

4  N  

56-0 

3  H  

30 

1-75 

5  O  

40-0 

CiON«HSN»0« 

190-2 

....  100-00 

15-66 

30-12 

28-11 

2-01 

24-10 

N»0 

10  c  

At  lOOV 

31-2 

60-0 

Bensch. 
....     15-41 
....     29-99 

4N  

56-0 

4  H  

4-0 

213 

6  0  

48-0 

C«W^H'NaO«  +  Aq 1992    10000 

Neutral  Urate  of  Lithia.  —  Obtained  by  dissolving  uric  acid 
and  carbonate  of  lithia  in  warm  water.  —  1  pt.  of  uric  acid  and  1  pt.  of 
carbonate  of  lithia  form,  with  90  pts.  of  water,  at  a  temperature  some- 
what above  50^  a  solution  which  remains  clear  after  cooling.  At  a 
boiling  heat,  nearly  4  pts.  of  uric  acid  dissolve,  with  evolution  of  carbonic 
acid,  in  1  pt.  of  carbonate  of  lithia  and  90  pts.  of  water;  the  solution 
thus  saturated  solidifies  on  cooling  to  a  jelly,  which  becomes  liquid  again 
when  heated,  and  yields  by  evaporation  wbite  crystalline  urate  of  lithia, 
free  from  carbonate.  1  pt.  of  hydrate  of  lithia  dissolved  in  water, 
takes  up  6  pts.  of  uric  acid  and  yields  the  same  salt.  —  The  salt  dried  at 
100°,  contains  17108  pts.  (nearly  1  At.)  uric  acid  to  28*8  pts.  (2  At.) 
lithia.  —  The  salt,  if  not  too  strongly  dried,  dissolves  in  60  pts.  of  water 
At  50%  without  separating  out  on  cooling;  but  at  higher  temperatures,  it 
becomes  yellowish  and  sparingly  soluble.  In  consequence  of  the  easy 
solubility  of  urate  of  lithia,  carbonate  of  lithia  is  well  adapted  for 
separating  uric  acid  from  serpents*  urine,  &c.  (Lipowitz.) 

Urate  op  Baryta. — a.  Neutral.  —  1.  Obtained  by  precipitating 
an  aqueous  solution  of  neutral  urate  of  potash  with  a  small  quantity  of 
chloride  of  barium,  to  remove  the  carbonic  acid,  and  treating  the  filtrate 
with  an  additional  quantity  of  chloride  of  barium;  the  salt  then  sepa- 
rates in  the  form  of  a  heavy  granular  precipitate.  —  2.  By  adding  urio 
acid  to  an  excess  of  baryta-water  saturated  at  a  boiling  heat.  — -  The  aalt 
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is  heavy  and  ^iraniilar,  and  exhibits  in  the  aqueous  solaiion  a  strong 
alkaline  reaction.  It  gives  off  6-69  p.  c.  (2  At.)  water  at  170°;  begins  to 
decompose  at  180°;  melts  and  blackens  at  a  stronger  heat,  and  Tory 
slowly  burns  to  a  white  residue.  It  absorbs  carbonic  acid  with  avidttj. 
Dissolves  without  decomposition  in  7900  pts.  of  cold,  and  in  2700  pts. 
of  boiling  water.  (Allan  &  fiensch.) 


2  BaO  

At  170\ 
153-2 

•  ■•• 

•  •■• 

50-53    .. 
19-79     .. 
18-47 
0-66     .. 
10-55 

Albn  & 
Bensch. 
49-12 

10  C  

60-0 

20-63 

4  N  „ 

56-0 

2  H  

2-0 

0-83 

4  O  

32-0 

2  BaO  

303-2 

At  100«. 
153-2 

» •■• 
•  ••• 

100-00 

47-69     .. 
18-68 
17-44 
1-25 
14-94 

Allan  & 
Benach. 
46-84 

10  C  

60-0 

4  N  

56-0 

4  H  

4-0 

eo 

48-0 

Bensch. 

Kodweiss. 

B^rard 

30-21     .... 

....     30-08 

•  •••             AO     /iv            •••• 

38-36 

23-66     .... 

....     23-74 

2208 

1-97     .... 

....      218 

CWN*H*Ba«0«4  2Aq.     321-2     ....  10000 
The  salt  was  dried  in  a  current  of  hydrogen  at  170**  and  at  100*. 

(.  Acid,  —  Produced,  with  evolution  of  carbonic  acid,  when  uric  acid 
is  boiled  with  water  and  carbonate  of  baryta.  (Wetzlar,  Benech.)  Hot 
solutions  of  acid  urate  of  potash  and  excess  of  chloride  of  barium  deposit 
the  salt  in  the  form  of  a  white  amorphous  powder,  which  must  be  washed 
with  hot  water;  it  burns  easily  and  without  fusion,  and  is  not  soluble  in 
water,  alcohol^  or  ether.  (Bensch.)  According  to  Wetzlar  and  Kodweiss, 
the  salt  is  sparingly  soluble  in  water. 

il/100*. 

BaO 76-6     .... 

10  C/ 60-0    .... 

4  N 560    .... 

5  H 50     .... 

7  0 660    ....     2208 

C»N<H'BaO*  +  2Aq.     253*6     ....  100-00 
Bdcard  (Ann,  Chim,  Phy;  5,  295.) 

Ubatb  of  Strontia.  —  a,  NeviraU  —  Uric  acid  suspended  in  water 
and  added  to  an  excess  of  strontia- water  saturated  at  a  boiling  heat, 
dissolves  completely  at  first;  but  as  the  quantity  of  uiic  acid  added 
increases,  the  strontia-salt  separates  in  needles  united  in  stellate  groups. 
The  aqueous  solution  has  a  strong  alkaline  reaction.  The  crystals  dried 
at  100  give  off  at  165°,  11*3  pts.  (not  quite  4  At.)  water;  they  begin  to 
decompose  at  170°,  and  easily  burn  white.  They  absorb  carbonic  acid 
with  avidity.  They  dissolve  in  4300  pts.  of  cold,  and  in  2297  pts.  of 
hot  water;  when  they  are  boiled  with  a  quantity  of  wat^r  not  sufficient 
to  dissolve  them  completely,  the  undissolved  portion  retains  its  compo- 
sition. (Allan  &  Sensch.) 
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•  At  100**.  ADan  ft  Benscli. 

2  SrO  104  ....  35'86     36'22 

10  C  60  ....  20-69 

4N 56  ....  19-31 

6  H 6  ....       2-07 

8  O  64  ....  22-07 

C^WH*Sr30«    290     ....  lOO'OO 

h.  Acid,  —  On  mixing  hot  solutions  of  acid  urate. of  potash  and 
chloride  of  strontium,  a  white  amorphous  powder  is  obtained,  which  is 
somewhat  soluble  in  boiling  water,  but  does  not  dissolve  in  alcohol  or 
ether.  (Bensch.) 

At  100^  Bensch. 

SrO  52  ....  21-94  22-79 

IOC  60  ....  25-32  26-17 

4  N 56  ....  23-63 

5  H 5  ....  2-11  2»36 

8  O  64  ....  27-00 

CiON4U3SrO«  +  3Aq 237     ....  lOO'OO 

Urate  of  Lime.  —  a.  Neutral,  —  1.  Uric  acid  suspended  in  water, 
is  added  to  one  measure  of  boiling  lime-water  till  the  liquid  begins  to 
redden  litmus,  the  hydrate  of  lime,  which  is  at  first  precipitated  then 
dissolving;  another  measure  of  lime-water  is  then  added,  and  the  mixture 
boiled,  the  air  being  constantly  excluded  till  the  salt  separates  as  a  heavy 
granular  powder.  —  2.  A  solution  of  acid  urate  of  potash,  completely 
freed  from  carbonic  acid  by  a  little  chloride  of  calcium,  and  filtered,  is 

Gradually  added  to  a  solution  of  chloride  of  calcium,  till  the  precipitate 
ecomes  permanent;  the  liquid  then  boiled  for  an  hour,  whereby  the 
precipitate  is  suddenly  converted  into  a  heavy  granular  powder;  and  this 
powder  washed  on  the  filter  with  hot  water  out  of  contact  of  air.  —  The 
salt,  when  examined  by  the  microscope^  presents  the  appearance  of 
opaque  amorphous  grains;  the  solution  has  an  alkaline  reaction.  After 
drying  at  100°  in  a  stream  of  hydrogen,  it  gives  off  only  18  p.  c.  water 
at  170";  it  tnrns  brown  at  190°,  and  readily  ourns  white.  It  dissolves  in 
1500  pts.  of  cold,  and  1440  pts.  of  boiling  water.  (Allan  &  Bensch.) 

At  100**.  Allan  &  Bensch. 

2CaO 56  ....  27-19  2709 

10  C  60  ....  29-12  2709 

4  N 56  .-...  27-19 

2  H 2  ....  0-97  1-47 

4  O 32  ....  15-53 

CWN*H2Ca«0«   206     ....  10000 

h.  Acid,  —  1 .  By  hoiling  an  excess  of  nric  acid  with  caustic  lime  or 
carbonate  of  lime.  — 160  pts.  of  lime-water  dissolve  1  pt.  of  nric  acid. 
—  (Scheele.)  The  solution  of  nric  acid  in  boiling  water,  mixed  with 
lime-water  till  it  no  longer  reddens  litmus,  deposits  the  lime-salt  on 
evaporation,  in  small  shining  needles  aud  laminse.  (Laugier,  J.  Ckim, 
mid,  1,  8.)  By  triturating  uric  acid  with  milk  of  lime,  a  filtrate  is 
likewise  obtained,  from  which  hydrochloric  acid  throws  down  uric  acid. 
(Pearson.)  Uric  acid  dissolves  when  boiled  with  carbonate  of  lime  and 
a  sufficient  quantity  of  water. —  2.  By  precipitating  a  hot  solution  of 
acid  urate  of  potash  with  chloride  of  calcium,  a  white  amorphous  preci- 
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pitate  is  obtained,  (or  if  the  acid  urate  of  potash  is  mixed  witli  the 
neutral  urate:  needles  united  in  warty  masses,  and  perhaps  consisting  of 
a  double  salt,)  which  must  be  washed  with  hot  water.  (Bensch.)  —  The 
salt  dissolves  in  603  pts.  of  cold,  and  in  276  pts.  of  boiling  water,  and 
much  more  readily  in  water  containing  chloride  of  potassium.  (Bensch.) 
From  boiling  water  it  crystallises  partially  ou  cooling.  Dissolves  in 
potash-ley,  leaving  a  small  quantity  of  [carbonate  ofl]  lime;  hydro- 
chloric acid  added  to  the  filtrate,  retains  part  of  the  potash  and  of  the 
lime,  and  throws  down  an  acid,  litmus-reddening  salt,  which,  when  boiled 
with  water,  is  resolved  into  a  less  acid  lime-salt  and  crystallising  arte 
acid.  (Lander.) 

(2).    il/100^  Benacb. 

CaO 28    ....  13-66    ..-. 13-70 

IOC 60    ....  29-26     29-38 

4  N 56     ....  27-32 

6  H 5     ....  2-44     2-66 

7  0 56    ....  27-32 

C»0N<H»CaO«  +  2Aq 205     ....  10000 

Urate  of  Magnesia.  —  a,  NeidraL  —  Cannot  be  prepared,  because  a 
dilute  solution  of  neutral  urate  of  potash  mixed  with  the  boiling  solution  of  a  magnesia- 
ialt,  throws  down  a  gelatinous  mixture  of  magnesia  and  acid  urate  of  magnesia  (which 
may  be  dissolved  out  by  boiling  water).     (Allan  &  Bensch.) 

6.  Acid.  —  1.  Uric  acid  hoiled  with  water  aud  carbonate  of  magnesia, 
forms  a  salt  which  dissolves  in  a  large  quantity  of  water.  ( Wetzlar.)  — 
2.  A  hot-saturated  solution  of  acid  urate  of  potash,  mixed  with  sulphate 
of  magnesia,  forms  at  first  a  clear  solution,  but  after  two  or  three  hours, 
deposits  silky  needles  united  in  nodules,  which  may  be  purified  by 
washing  with  cold  water,  solution  in  boiling  water,  crystallisation  by 
cooling,  and  again  washing  with  cold  water.  (Bensch)  —  The  needles 
obtained  by  (2)  dry  up  to  a  light  powder,  which,  after  drying  at  100**, 

fives  off  19-2  p.  c.    (6  At.)  water  at  170°,  turns  brownish  at  180°,  and 
urns  away  at  a  higher  temperature,  leaving  white  magnesia.    It  dissolves 
in  8750  pts.  of  cold  and  160  pts.  of  boiling  water.  (Bensch.) 

At  100*.  Bensch. 

MgO 20  ....  8-58  8-66 

10  C 60  ...  25-75  25*69 

4N 56  ....  2404 

9  H 9     ....       3-86     3-96 

11  0 88     ....     37-77 

CiON^H'MgOe  +  eAq 233     ....  lOOOO 

Double  urates  of  magnesia  and  ammonia,  potash,  or  soda  cannot  be  prepared. 
(Alland  &  Bensch.) 

Basic  urate  of  potash  forms  white  precipitates  with  the  salts  of  alumina  and  ziiic* 
oxide,  and  brown  with  salts  of  ferric  oxide.  (Scheele.) 

Urate  op  Lead.  —  a.  Neviral.  —  When  a  dilute  solution  of  neutral 
urate  of  potash  is  dropt  into  a  dilute  solution  of  nitrate  of  lead,  and  the 
liquid,  alter  filtration  from  the  yellow  precipitate,  mixed  with  a  fresh 
portion  of  urate  of  potash,  a  white  heavy  precipitate  is  obtained,  which  is 
easily  washed.  If  acetate  of  lead  were  osed,  the  precipiute  would  contain  acetic  acid. 
The  salt  remains  unaltered  at  160°.  It  is  not  soluble  either  in  water  or 
in  alcohol.    (Allan  &  Bensoh.) 
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Allan  &  Bensch. 

At  150'.  At  100*. 

2  PbO 224     ....     59-89     59*88     ....  58-81 

IOC 60     ....     16-05     14-43     ....  13*91 

4  N 56     ....     14-97 

2  H 2     ....       0-53     1-01     ....  1-09 

4  0 32     ....       8*56 

CiON4H2pb2o« 374     ....  100-00 

h.  Acid,  —  A  saturated  solntion  of  acid  urate  of  potash  forms,  with 
excess  of  neutral  acetate  of  lead,  a  white  heavy  precipitate,  which^  after 
washing  with  hot  water,  dries  up  to  a  loosely  coherent  powder.  This 
precipitate,  after  drying  at  100°,  does  not  diminish  in  weight  at  160°,  is 
easily  conihustible,  and  does  not  dissolve  in  water,  alcohol,  or  ether. 
(Bensch.) 


PbO   

10  C 

4N    

At  100-. 

.     112 

60 

56 

4 

48 

....      u"-16     ... 
....     20-98     ... 
....     19-58 

1*40     ... 
....     18-88 

Bensch. 
....     40-13 
21-39 

4  H    

2-53 

6  O    

CioN4H«PbO«+Ac 

1 

..     280 

....  100-00 

Compare  G  obel's  analysis.  iSchw.  58 ,  475.) 

Aqueous  urate  of  potash  forms,  with  Cupric  sulphate,  a  green  pre- 
cipitate, which  cannot  be  obtained  free  from  potash,  even  by  long 
washing  with  cold  water,  and  turns  brown  when  boiled  with  water, 
while  free  uric  acid  dissolves  in  the  water.  The  brown  residue  when 
sufficiently  boiled  virith  water  and  dried  over  oil  of  vitriol,  becomes 
violet -coloured,  and  easily  friable^  and  appears  amorphous  under  the 
microscope.  If  afterwards  dried  at  140°,  it  gives  off  5-57  p.  c.  water, 
and  contains  42-79  p.  c.  CuO,  21*51  C,  and  1*53  H.  (Bensch.)  [May 
not  the  salt,  after  it  has  turned  brown,  contain  cuprous  oxide  or  metallic 
copper  1] 

Acid  Mei*curic  Urate,  —  The  precipitate  obtained  by  mixing  corrosive 
sublimate  with  a  boiling  aqueous  solution  of  acid  urate  of  potash,  gives 
off,  when  heated  after  drying,  carbonic,  hydrocyanic^  and  a  large  quantity 
of  cyanic  acid,  but  no  free  cyanogen.  (Wohler.) 

Very  dilute  solutions  of  acid  urate  of  potash  and  nitrate  of  silver, 
form  a  white,  very  bulky  precipitate,  which,  during  washing  and  drying 
gradually  turns  yellow,  then  brown,  then  black,  ana  still  contains  a  small 
quantity  of  potash.  (Kodweiss.)  If  the  silver-solution  is  in  excess,  the 
e;elatinous  precipitate  becomes  dark-coloured,  and  immediately  turns 
black  when  the  liquid  is  heated;  in  the  contrary  cases,  the  precipitate 
remains  white,  even  when  dry,  but  is  decomposed  by  boiling  water.  The 
precipitate,  after  fourteen  days'  washing  with  cold  water,  which  is  difficult 
on  account  of  its  gelatinous  consistence,  and  subsequent  drying,  contains 
9  01  p.  c.  KO,  and  23*78  AgOj  it  is  therefore  a  double  salt. 

Uric  acid  does  not  dissolve  in  alcohol  or  in  ether. 

It  dissolves  somewhat  abundantly  in  warm  aqueous  Olyceritie^  and 
separates  again  for  the  most  part  on  cooling;  it  dissolves  much  less 
copiously  in  warm  aqueous  Mannite,  Oum-mgar,  Orape'tugar,  and  common 
iugar,  (Lipowitz.) 
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IT.     Appendix  to  Uric  Acid, 

Urozanic  Acid.    C»«N*H^«0» 

G.  Stadelbr.    Ann,  Pharm.  78,  286;  80,  119. 

Foitnaiicn,  By  the  action  of  Potash  on  uric  acid  (p.  465.) 
The  free  acid  is  obtained  by  decomposing  the  potash-salt  with  dilute 
sulphuric  or  hydrochloric  acid.  If  a  warm,  moderately  dilute  solution 
of  the  potash-salt  be  used,  the  acid  sometimes  separates  in  very  beautiful 
colourless,  transparent  crystals,,  which  under  the  microscope  exhibit  the 
form  of  tetrahedrons.  From  a  cold  or  concentrated  solution  of  the  salt, 
it  is  generally  ol  tained  in  short  ill-defined  prisms,  arranged  in  concentric 
groups. 

Dried  in  vacuo.  Sta-leler. 

10  C  60      ...     27-03     26-89 

4  N  56     ....     25-23 

10  « 10     ....       4-50    4-17 

12  O 96     ....     43-24 

aoNniWO»3 222     ....  100-00 

As  the  axnoant  of  hydrogen  fouud  by  analysis  is  much  too  low  for  the  formula,  it 
is  probable  that  the  acid  analysed  was  partially  decomposed ;  the  formula  of  the  acid  is 
however  safSciently  establibhed  by  Die  analysis  of  the  salts,  {inf.)  In  St&deler's  first 
memoir,  the  formula  of  the  acid  was  incorrectly  given  as  C^N^'H'^O*^,  in  conaeqaenoe  of 
an  error  of  calculation ;  but  in  the  second  memoir,  this  error  is  corrected. 

Decompodtiofis.  1.  The  acid,  after  drying  in  vacuo,  ^ives  off  at  a 
temperature  somewhat  above  100°,  a  small  quantity  of  water  and  likewise 
carbonic  acid.  When  kept  for  some  time  at  1 30°,  it  diminishes  in  weight 
by  34*8  per  cent.,  and  leaves  a  slightly  yellowish,  hygroscopic  substance, 
nearly  agreeing  in  composition  with  anhydrous  uroxanic  acid,  C^N*!!^)"; 
but  as  the  abstraction  of  2H0  from  uroxanic  acid  woidd  only  diminish 
the  weight  by  8*11  per  cent.,  the  agreement  appears  to  be  merely  acci- 
dental; and  the  acid  when  heated  as  above,  douotless  also  gives  off  carbon 
and  nitrogen,  probably  in  the  form  of  bydrocjranate  or  carbonate  of 
ammonia*  —  [Si&dekr,  in  his  first  memoir,  assigned  to  the  residue  obtained  at  130% 
the  formula  C8N5H70^  and  called  it  uroml"], — At  a  higher  temperature,  the 
acid  melts  to  a  brown  liquid,  gives  off  ammonia,  an  oily  distillate  which 
solidifies  on  cooling,  and  probably  also  cyanide  of  ammonium,  and  leaves 
a  small  carbonaocons  residue.  —  2.  Strong  nitric  acid  does  not  act  on 
uroxanic  acid  at  ordinary  temperatures,  but  dissolves  it  when  heated, 
without  evolution  of  gas;  and  the  liqnid,  on  cooling,  deposits  crystals, 
probably  a  product  of  oxidation.  —  8.  The  acid  boiled  with  potash-ley  ia 
decomposed  in  the  manner  already  mentioned  (p.  465). 

Comhinatious.  Uroxanic  acid  dissolves  sparingly  in  cold  toater;  more 
abundantly  in  boiling  water,  but  with  decomposition  and  evolution  of 
carbonic  acid. 

The  formula  of  the  Uroxanates  is  C"N*H«M»0". 

Uroxanate  of  Ammonia,  —  Uroxanic  acid  dissolves  readily  in  aqueous 
ammonia;  and  on  mixing  the  solution  with  alcohol  till  it  begins  to  show 


UROXANIC  ACID.  479 

turbidity,  the  ammonia-salt  separates  after  a  short  time  in  small,  Hi-defined, 
four  sided  tables. 

Uroxanate  of  Fotath,  —  Preparation  (p.  465).  —  Crystallises  in  large, 
nacreous,  oblique  four-  sided  prisms,  with  truncated  summits;  angles  of  tne 
acute  lateral  edges  =  83°  (nearly);  of  tbe  obtuse  =  '97^ 

At  100°,  the  salt  dried  over  chloride  of  calcium  gives  off  14*79  p.  c. 
water  (6  At.  =  J 4-95).  At  a  higher  temperature,  it  melts,  gives  off 
carbouate  of  ammonia,  and  leaves  a  residue  coloured  by  charcoal.  The 
aqueous  solution  is  neutral,  and  is  not  decomposed  by  boiling. 

Dried  over  chloride  of  calcinm,  Stadeler. 

2  KO    94-4     ....     26-75  26*29 

IOC    60-0     ....     17-03  17-20 

4  N  56-0     ...     15-90  15-87 

14  H  14-0     ....       3-98  3-88 

16  O   128-0     ....     36-34  36*76 

Cio>j4£i8K20»+6Aq....  3524     ....  100-00     100*00 

The  salt  dissolves  pretty  readily  in  cold,  very  easily  in  hot  water^ 
but  is  insoluble  in  alcohol.  On  adding  alcohol  to  the  aqueous  solution,  a 
vrhite  crystalline  precipitate  is  immediately  formed,  in  such  quantity  as 
to  reduce  the  solution  to  a  pulp.  If  a  gentle  heat  be  then  applied,  the 
precipitate  redissolves,  and  the  salt  separates  on  cooling  in  delicate 
laminae,  exhibiting  under  the  microscope  the  form  of  the  original  salt. 
Hence  no  acid-salt  appears  to  be  produced. 

Uroxanate  of  Baryta.  —  Obtained  by  mixing  the  solution  of  the 
ammonii^salt  in  excess  of  ammonia  with  chloride  of  barium,  and  adding 
alcohol;  the  salt  then  separates  in  flakes,  which  soon  change  to  slender 
needles. 

Uroxamxk  of  Lime.  —  Prepared  like  the  baryta-sali.  Foarnnded 
tables. 

Uroxanate  of  Lead,  —  Separates  on  mixing  the  solution  of  the  potash- 
salt  with  nitrate  of  lead,'  in  delicate  scales  having  the  lustre  of  satin. 
The  crystals,  heated  to  100°,  give  off  2*2  p.  c.  (1  At.)  water.  Insoluble 
in  water. 

Dried  at  100''.  Stttdeler. 

2  PbO 224     ....     52-24     52-05 

C»<W<H»0»«  204     ....     47-76     47*95 

CiON^H'PWO*^ 428     ....  100-00     10000 

CryetaU.  Stftdeler. 

CWN^HspbsO*^ 428    ....     97-96 

HO 9     ....      204     2-22 

CWN*H8PbK)»2  +  Aq 437     ....  lOO'OO 

Uroxanate  of  Silver.  —  By  decomposing  the  potash-salt  with  nitrate 
of  silver.  White  flocculent  precipitate,  which  soon  aggregates  into 
a  heavy  amorphous  powder.  Turns  red  in  sunshine,  and  when 
heated,  immediately  becomes  brown-black,  and  afterwards  coal-black. 
(Stadeler.)  ^. 
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€.    A^itrchamidogeTi-nucleus,    C"N*AdH'. 

Guanine. 

C"N»HW .-  C»N*AdH*,0»?. 

BoDo  Umoer.    Fof/ff.  65,  222.  —  Ann.  Pharm,  51,  395;  59,  58  and  69. 

Discovered  and  investigated  by  Bodo  Unger  in  1845. 

Soui'ces,  In  all  kinds  of  guano,  abundantly  in  the  Peruvian,  sparioglj 
in  tlie  African.  (Unger.)  In  the  excrements  of  the  garden-spider,  and 
apparently  also  in  the  green  organ  of  the  river-crab,  and  in  the  Bojanian 
organ  of  the  pond-muscle.  (Gorap-Besanez  &  Fr.  Will,  Ann.  Pharm, 
69,  117.) 

Preparation.  Guano  is  boiled  with  thin  milk  of  lime^  till  a  filtered 
sample  no  longer  appears  brown,  but  pale  greenish  yellow;  the  liquid  is 
then  filtered;  the  filtrate  neutralised  with  hydrochloric  acid;  the  reddish 
mixture  of  uric  acid  and  guanine,  which  is  completely  precipitated  after 
some  hours,  treated  with  boiling  hydrochloric  acid  to  extract  the  latter; 
the  filtrate  cooled  till  the  hydrochlorate  of  guanine  crystallises  out;  the 
crj-stals  purified  by  several  recrystallisations ;  and  the  guanine  pre- 
cipitated from  its  aqueous  solution  by  ammonia:  the  washed  and  dried 
product  amounts  to  \  p.  c.  of  the  guano.  The  lime  at  the  boiling  heat  takes 
up  the  brown  colouring  matter  of  the  guano ;  it  likewise  seta  free  the  potash  and  aoda 
present  in  tbo  guano,  by  which  chiefly  the  guaiune  and  the  uric  add  are  disaolved. 

Purification,  The  still  yellowish  guano  thus  obtained,  is  treated  with 
excess  of  concentrated  hydrochloric  with  the  aid  of  heat,  and  the  liquid 
decanted  before  the  whole  is  dissolved;  the  undissolved  portion,  already 
a  purer  salt,  is  collected  and  repeatedly  treated  in  the  same  manner,  till 
ammonia  precipitates  "white  guanine  from  it. 

Properties.    White  powder.     Neutral  to  vegetable  colours. 


10  c  

At  125*. 
60 

....        0.7    /  <9        ... 

....     46-36     ... 
....       o'ol     ... 
....     10-60     ... 

Unger. 
39-58 

5  N 

5  H 

70 

5 

46-49 

3-42 

2  O 

16 

10-51 

CWN»H*0» 151     ....  100-00    100  00 

[According  to  the  formula,  C^^^AdU'O',  guanine  is  the  amide  of  xantUic  oxide : 
C'^NMl^O*  +  N  H»  =  C»«'N*H*0«  +  2HO]. 

Decomposition.  Guanine  digested  with  chlorate  of  potash  and  hydro- 
chloric acid,  generally  yields  nothing  but  oxalic  acid  and  ammonia,  but 
sometimes  also  peruric  acid,  when  left  to  crystallise*  over  night.  —  When 
enclosed  with  water  in  a  sealed  tube,  it  does  not  dissolve  or  decompose  at 
250^,  excepting  that  a  trace  of  ammonia  is  formed. 

Combinations.  With  Water,  Hydrats  of  Gtvanine, — Sulphate  of 
guanine  is  decomposed  by  contact  with  a  large  quantity  of  water,  and  the 
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precipitated  hydrate  separated  by  filtration  from  the  dilate  sulphurio 
acid,  which  still  contains  a  certain  portion  of  guanine.  The  hydrate 
resembles  the  anhydrous  guanine.  It  retains  its  water  at  100°,  but  gives 
up  the  whole  of  it,  amounting  to  7*1  p.  c.  at  125^  —  Guanine  does  not 
dissolve  in  water. 

Guanine  combines  both  with  acids  and  with  alkalis.  From  the 
former  compounds,  water  extracts  the  acid,  which,  if  volatile,  is  {likewise 
expelled  by  heat. 

Phosphate  of  Guanine*  —  Deposits  from  the  solution  in  crystalline 
grains,  which  unite  into  a  crust,  contain  58*50  p.  c.  guanine,  d6'28 
phosphoric  acid,  and  4*53  water  (loss  0*69),  and  retain  their  water  till 
heated  to  125°. 

Sulpliate  of  Guanine,  —  Sulphuric  acid  is  added  to  guanine  till  the 
latter  is  completely  dissolved;  the  strongly  acid  liquid  diluted  with  hot 
water;  and  the  clear  mixture  cooled,  whereupon  it  yields  yellowish 
noodles,  often  an  inch  long,  which  must  be  washed,  not  with  water,  but 
with  weak  alcohol.  At  120°,  they  give  off  8*12  p.  c.  (=2  At.)  water  of 
crystallisation,  and  no  more  at  higher  temperatures,  even  above  200°. 
By  a  large  quantity  of  water,  they  are  resolved  into  hydrate  of  guanine 
and  dilute  sulphuric  acid,  which,  however,  still  retains  in  solution  a  certain 
portion  of  the  guanine. 

Ai  120».  Ungcr. 

C*0N*H*O2  151     ....  75*50  75*61 

S0» 40     ....  20*00  2008 

no 9     ....  4*50  4*31 

C»«>N*HfiO>.HO,S03  ....     200    ....  100*00    10000 

HydrocJdorate  of  Guanine.  —  a.  Mono-acid.  —  a.  Anhydrous.  —  Ob- 
tained by  exposing  the  compound  /3  to  a  continuous  current  of  air,  or 
heating  it  to  100°.  The  residue  gives  off  all  its  hydrochloric  acid, 
amounting  to  19*27  p.  c,  at  120°,  while  pure  guanine  remains  behind. 

fi,  Hydixited.  —  Crystallises  from  the  solution  of  guanine  in  strong 
boiling  hydrochloric  acid,  on  addition  of  a  large  quantity  of  hot  water, 
and  cooling,  in  an  abundance  of  slender,  light  yellow  needles,  which  give 
off  their  water  at  100°  and  their  acid  at  200°. 

Anhydrous,  Unger. 

C»»N«H»0*   151-0     ....     80-58     80*70 

HCl 36*4     ....     19*42     19*30 

CiON5H«0»,HCl    187*4     ....  10000     100*00 

Needles.  Unger. 

C»N«H*OS 151-0  ....  73*51     72-69 

HCl  36*4  ....  17-72     17*12 

2  HO    18-0  ....  8-77     10*19 

CWN*H*02,HCl  +  2Aq      205*4     ....  100*00     10000 

[The  needles  analysed  by  Unger  bad  probably  some  mother-liquor  still  adhering 
to  them ;  he  prefers  representing  them  by  the  formuhi :  3(C»<^N»H*0«,HC1+  7Aq.] 

h,  Bi-acid.  —  Guanine  swells  up,  and  becomes  slightly  heated  in 
hydrochloric  acid,  and  at  a  wintcr^temperature,  absorbs,  when  completely 
saturated,  48-14  p.  c.  hydrochloric  acid  (100  :  48*14  =  151  :  72-195). 

TOL.   X  8  I 
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Nitrate  of  Ovanine, — a,  MofUhO/dd,  —  Guanine  dissolres  eaailj  and 
without  decomposition  in  aboiline  mixture  of  nitric  acid  of  6p.  gr.  1*2 
and  water;  ana  the  solution  yields,  on  cooling,  long,  very  fine,  capillary, 
interlaced  crystals,  which  taste  sour  at  first  and  rough  afterwards;  redden 
litmus  strongly;  effloresce  in  the  air,  with  loss  of  a  portion  of  their  acid; 
dissolve  in  hot  water  much  more  abundantly  than  in  cold;  and  are  not 
altered  by  boiling  the  solution. 


CrytiaU. 
10  C  '. 60     ....     24-89     

Unger, 
...     25-11 

6  N 84     ....     34-85 

9  H 9     ....       3*74    

...       3-92 

11  O 88     ....     36-52 

CWN«H*02,NO»  +  4Aq....  2il     ....  100*00 

Or: 

CiON»HW 151     ....     62-66    ... 

NO»    54     ....     22-40     ... 

4Aq 36     ....     14-94     ... 

Unger. 

63-1 

22-4 

14-5 

241     ....   100-00     ... 

100-0 

(.  Biroeid, — Crystallises  on  cooling  from  a  solution  of  guanine  in 

boiling  nitric  acid  of  sp.  gr.  1  -25^  in  short  prisms,  which  effloresce  in  the 

air,  with  loss  of  part  of  their  acid,  and  give  off  the  whole  of  it  when 

heated. 

Cry$ial9.  Unger. 

CWN»H*0»    151     ....     48-24     481 4 

2  NO* 108     ....     34-51     34*42 

6  HO  54     ....     17-25 

C»0N»H»OS,2NO*  +  6Aq 313      ...  10000 

Between  these  two  compounds,  a  and  &,  there  are  two  intermediate 
compounds,  which  crystallise  out^  when  a  nitric  acid  solution  which 
would  yield  a  on  cooling,  is  mixed  in  a  certain  proportion  with  another 
which  would  yield  h.  One  of  these  intermediate  crystallised  compounds 
may  be  regarded  as  3C"N»H»0«,4NO»+12Aq.;  the  other  as  3C^«N«H»0», 
5NO*  +  16Aq. 

Soda-compound,  -»  Guanine  dissolves  in  aqneous  soda  (also  in  potash,) 
more  readily  than  in  acids.  The  concentrated  soda-solution,  saturated 
with  guanine^  and  then  mixed  with  a  large  quantity  of  alcohol,  yields 
the  soda  compound  in  confused  laminae,  which,  after  drying  in  vacuo, 
give  off  33'26  p.  c.  (12  At.)  water  when  heated  above  100";  absorb 
carbonic  acid  rapidly  from  the  air;  and  effloresce  with  separation  of 
guanine;  and  when  dissolved  in  water,  even  not  containing  carbonic  acid, 
are  decomposed  with  partial  separation  of  guanine. 


Atihydroua. 
2NaO 62-4     ....     29*24 

Unger. 
30  00 

CWN»H»02 151-0    ....     70-76     .. 

70-26 

2  NaO,C»«N*H»0« 213-4     ....10000     .. 

CSrystaU, 
2  NaO 62-4     ....     19-41 

100-26 

Unger. 

C»"N«H*0«    151-0     ....    46-98 

12  HO   108-0     ....     33-61 

33-26 

2NaO,CiWH«0'+12A<i-  321*4    ....  100-00 
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GaaninA  dissolves  yeiy  sparingly  in  Baryta  and  Lime-water,  even  at 
a  boiling  heat.  These  compounds  are  also  decomposed  by  the  weakest 
acids,  such  as  carbonic  acid. 

Nitrate  of  Mercurous-oxide  and  Guanine.  —  The  compound  of  nier- 
curous  nitrate  with  nitrate  of  guanine  forms  crystals,  which,  when  heated, 
defiae^rate  with  emission  of  white  fumes,  but  without  perceptible  noise, 
and  dissolve  sparingly  in  water. 

Sulphate  of  Silver-oxide  and  Guanine.  -~  A  solution  of  sulphate  of 
guanine  diluted  as  much  as  possible,  forms  with  nitrate  of  silver  a  very 
bulky  translucent  precipitate,  which    shrinks  together  very  much  in 
drying,  and  leaves  a  hard  mass  of  a  pale  flesh-colour.     This  mass,  when 
heated  in  a  crucible,  is  converted,  with  partial  projection,  into  a  brown 
powder,  which  emits  an  odour  of  sulphurous  acid  and  cyanogen  when 
Ignited,  and  ultimately  leaves  silver.   The  flesh-coloured  mass  is  not  altered 
by  boiling  with  sulphuric  acid  or  with  potash.      When  decomposed  with 
zinc,  it  yields  silrer,  guanine,  and  sulphuric  acid,  but  no  nitric  acid.     The 
reduced  silver  is  black,  but  as  soon  as  all  the  zinc  is  used  up,  and  hydro- 
gen gas  is  no  longer  evolved,  it  becomes  brownish  green,  insoluble  in  hot 
nitric  acid,  and  at  a  red  heat  again  gives  ofi*  the  odour  of  sulphurous 
acid  and  cyanogen. 

CMoropkUinate  of  Guanine,  —  The  hot-saturated  solution  of  guanine 
in  hydrochloric  acid,  is  mixed  with  excess  of  hot  concentrated  bichloride 
of  platinum;  the  mixture  evaporated  to  one -half  at  100°;  and  the  crystals 
wliich  form  on  cooling,  washed  with  alcohol  or  water,  and  dried  over  oil 
of  vitriol.  Orange-yellow  needles,  and  prisms  of  lemon -yellow  colour.  Over 
oil  of  vitriol,  they  become  opaque  and  give  off  a  trace  of  hydrudiloric  acid. 
In  a  current  of  dry  air  at  15  ,  they  evolve  traces  of  hydrochloric  acid; 
then  between  100°  and  120°,  they  give  off  6*51  p.  c.  (4  At.)  water,  with 
a  trace  of  hydrochloric  acid,  and  leave  a  pale  lemon-yellow  residue, 
which  dissolves  slowly  in  cold  water,  but  perfectly  in  boiling  water, 
and  on  cooling  yields  the  original  crystals;  absolute  alcohol  dues  not 
extract  any  chloride  of  platinum  from  it.  Zinc,  with  hydrochloric  acid, 
separates  platinum-black  from  the  crystals,  while  guanine  remains  in  the 
liquid.  When  the  crystals  are  fused  with  carbonate  of  soda,  cyanide  of 
sodium  is  formed.  They  dissolve  in  water,  and  readily,  without  evolution 
of  carbonic  acid,  in  caustic  potash,  or  soda,  or  their  carbonates,  whence 
they  are  precipitated  by  acids. 

CryitaU,  Unger. 

10  C  60  ....  10-66  10-54 

5  N  70  ....  12-43  12-30 

10  H 10  ....  1-77  1 94 

2Pt 198    ....    35-17    34-98 

6  O  48     ....       8-53     8-35 

5  CI 177     ....     31-44     31-89 


CMN»H»0*,HC1  +  PtCl«  +  4Aq        563     ....  100-00     10000 

Oxalate  of  Guanine.  —  Separates  from  a  mixture  of  the  solution  of 
liydrochlorate  of  guanine  with  a  tolerably  concentrated  solution  of 
oxalate    of   ammonia,  in  crystals,  which    do    not   give  off  anything 

at  120°. 

2x2 
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Cry^ah,  Ungcr. 

38  C 228     ....     36-02  36-00 

15  N    210     ....     3317  3319 

19  H    19     ....       300  3-01 

22  O    176     ....     27-81  27*80 


3C»0N*H*O«,2C*HK)» 633    ....  100-00    100-00 

Tartrate  of  Ouanine.  —  Separates  from  a  dilute  and  stronglj  acid 
solution,  in  yellowish  radiated  nodules,  which  may  be  dried  at  100%  and 
do  not  give  off  anything  eyen  at  120°. 

CryitaU.  Unger. 

46  C 276  ....  34-98     3478 

15  N    210  ....  26-62     2643 

31  H    31  ....  3-93     3-98 

34  O    272  ....  34-47     34-81 


3Ci0N8H»O«,2Cni«O«+4Aq.     789     ....  100  00    10000 

Appendix  to  Ouanine, 

Peruric  Acid. 

Ungkr.     Ann,  Pharm,  59,  69. 

Fcntnation  and  Prfparation,  —  An  intimate  mixture  of  3  pts.  guanine 
and  5  pts.  chlorate  of  potash  is  set  aside  with  25  pts.  water  and  30  pts. 
hydrochloric  acid.  At  first  the  mixture  becomes  solid,  from  formation  of 
hydrochlorate  of  guanine,  then  dissolves  gradually,  with  CYoIntion  of 
chlorous  acid  gas,  and  in  the  course  of  24  hours,  yields  crystals  of 
peruric  acid.  To  free  these  crystals  from  an  admixed  amorphous  sub- 
stance, they  are  dissolved  in  hot,  very  dilute  ammonia;  the  hot  solution 
mixed  with  nitrate  of  silver,  and  quickly  filtered  from  the  precipitate  of 
silver  oxide  and  amorphous  matter;  the  filtrate  slightly  supersaturated 
with  nitric  acid;  and  crystals  of  the  pure  acid  obtained  on  cooling. 

Properties.  Colourless,  shining,  short,  oblique  rhombic  prisms  or 
plumose  crystals,  which  are  inodorous,  tasteless,  grate  between  the  teeth, 
and  redden  moist  litmus  paper, 

At  100^  Unger. 

IOC  60  ....  3109    31-12 

4  N 56  ....  2901 

5  H 5  ....       2-69     2-60 

9  O 72  ....  37-31 

193    ....  10000 

The  acid  subjected  to  dry  distillation,  gives  off  water  and  a  large 
quantity  of  cyanic  acid,  and  leaves  a  slowly  combustible  charcoal. 

ComhinatioTis*  The  acid  dissolves  slowly  in  water.  It  dissolves  easily 
and  abundantly  in  caustic  alkalis  and  their  carbonates;  its  solution  in 
ammonia  does  not  precipitate  chloride  of  barium  or  chloride  of  calcium, 
and  when  left  to  evaporate  freely,  leaves  crystals  of  peruric  acid  free 
from  ammonia. 


PERURIC  ACm. 
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On  pouring  a  solution  of  the  acid  in  ammonia  into  solution  of  nitrate 
of  silver,  the  liquid  becomes  acid,  and  yields  a  curdy  precipitate,  which, 
after  washing,  dries  up  to  a  white,  loosely  coherent  powder,  which  does  not 
blacken  when  exposed  to  light,  and  after  drying  at  100°,  contains  66*3 
p.  c.  silver.  If  the  acid  liquid  above  the  precipitate  be  exactly  neutralised 
with  ammonia,  and  then  kept  at  a  lukewarm  temperature  for  24  hours, 
during  all  which  time  it  remains  neutral,  a  precipitate  is  obtained,  which, 
when  washed  and  dried  at  100°,  exhibits  the  following  composition: 


10  c  

4  N 

3  H 

60 

56 

3 

•  •«•        Lii   /O        ••• 

0-73     ... 
....     53-07     ... 
....     17-70    ... 

Uoger. 
....     13-40 

12-71 

0-86 

2  Ag 

9  O  

216 

72 

....     56-83 
16-20 

407 

....  10000    ... 

10000 

[Eren  if  the  difference  between  the  analysis  and  the  formula  of  this  salt  can  be 
explained  bj  the  presence  of  an  excess  of  oxide  of  silver,  the  improbability  both  of  this 
formula  and  that  of  the  free  acid,  nevertheless  renders  a  repetition  of  the  analysis 
desirable.] 
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Action  of  IWcIdoride  of  Phosphorus  on  A  IcohoU,  Ethers,  Acids,  &c.  — 
1.  Tercbloride  of  phosphorus  decomposes  Vinic  etJier  at  a  temperature 
of  180°  to  200°,  with  formation  of  chloride  of  ethyl  and  phosphorous  acid : 

3C»H»0  +  PC1«  =  SCmsci  +  V0\ 

Anhydrous  ether  mixes  with  tercbloride  of  phosphorus  at  ordinary 
temperatures,  without  sensible  increase  of  heat;  but  the  presence  of 
water  or  alcohol,  in  quantities  however  small,  causes  an  extremely 
violent  reaction.  When  the  anhydrous  ether  and  the  terchloride  are 
heated  together  to  the  above  temperature  for  20  hours,  in  a  sealed  tube, 
the  tube  becomes  covered  with  a  thick  crust  of  phosphorous  acid,  mixed 
however  with  phosphoric  acid  and  red  phosphorus,  resulting  from  the 
decomposition  of  the  phosphorous  acid  at  the  high  temperature;  and  on 
opening  the  tube,  a  large  quantity  of  hydrochloric  ether  escapes  with 
rapidity.     No  hydrochloric  acid  appears  to  be  formed. 

2.  With  absolute  ul^coAo^,  terchloride  of  phosphorus  forms  hydrochloric 
acid,  phosphorous  acid,  and  chloride  of  ethyl,  jnst  as  it  would  with  a 
mixture  of  ether  and  water,  and  the  phospnorous  acid  afterwards  acts 
upon  another  portion  of  the  alcohol,  forming  tribasio  phosphite  of  ethyl 
(ix.  360}  and  hydrated  phosphorous  acid;  thus : 

3(C^H»0,H0)  +  2PC13  =  3HC1  +  2VO^  +  3C*H*C1 
and 

3(C<H«0,HO)  +  2P0»  =  3C*H»0,P08  +  3HO,PO«. 

When  the  terchloride  is  dropt  into  absolute  alcohol,  a  violent  action  takes 
place,  even  if  the  retort  is  immersed  in  a  freezing  mixture;  hydrochloric 
acid  is  evolved  at  the  first  instant,  but  its  evolution  soon  ceases,  recom- 
mencing however  on  tho  application  of  heat.  The  residue  in  the  retort 
yields  the  phosphorous  ether  by  distillation,  in  the  form  of  a  very  fetid 
liquid,  having  an  alliaceous  odour.  The  quantity  of  this  ether  produced 
18  however  but  small. 

3.  Anhydrotts  acetic  acid  and  terchloride  of  phosphorus,  in  the  ratio 
of  3  At.  C^H'O^  to  1  At.  POP,  heated  in  a  sealed  tube  placed  in  the 
water-bath,  yield  phosphorous  acid  and  chloride  of  otbyl : 

3C^H30»  +  PCP  =  P08  +  3Cm302Cl. 

No  action  takes  place  at  ordinary  temperatures;  but  towards  SB''  the 
mixture  suddenly  becomes  turbid,  from  separation  of  a  white  substance, 
which  becomes  yellow  towards  80°.  No  gas  is  evolved  on  opening  the 
tube.  The  liquid  portion  all  distils  over  between  55°  and  60  ,  yielding 
chloride  of  othyl  with  only  a  trace  of  chloride  of  phosphorus. 
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4.  HydraUd  acetic  acid  acts  with  terchloride  of  phosphorus^  just  like 
a  miztaro  of  the  anbydroas  acid  and  water : 

3(H0,C*H'0»)  +  2PCl»  «  3HC1  +  2P08  +  3CnP02Cl.* 
The  action  commences,  even  at  ordinary  temperatures,  with  evolution 
of  hydrochloric  acid.  On  heating  the  mixture  in  a  sealed  tube,  it  soon 
became  turbid,  and  the  decomposition  was  completed  between  30^  aud 
40°.  On  opening  the  tube,  a  torrent  of  hydrochloric  acid  was  evolved, 
and  the  liquid  yielded  a  distillate  of  chloride  of  othyl,  with  a  residue  of 
hydrated  phosphorous  acid.  Terchloride  of  phosphorus  appears  to  act 
in  a  similar  manner  on  all  the  monobasic  acids. 

5.  Acetate  of  Ethyl  and  terchloride  of  phosphorus  decompose  each 
other  between  1G0°  and  180**,  forming  chloride  of  ethyl,  chloride  of 
othyl,  and  phosphorous  acid : 

3(C^H«O,C^H303)  +  2PCP  =  3C*HfiCl  +  30*H302C1  +  2P03. 

No  action  takes  place  in  the  cold  or  at  100°;  but  at  the  temperature 
above  mentioned,  the  tube  becomes  coated  with  phosphorous  acid,  and 
the  action  is  complete  in  about  24  hours.  (A.  Bechamp,  Compt.  rend, 
40,  944;  41,  23.) 

From  these  experiments,  B6champ  concludes  that  alcohol  and  the 
ethers  of  the  monobasic  acids  are  compounds  of  the  same  order,  and 
formed  by  the  union  of  oxide  of  ethyl  with  water,  or  with  the  anhydrous 
acid;  moreover,  that  the  hydrated  and  anhydrous  monobasic  acids  stand 
to  one  another  in  the  same  relation. 


Page  179. 

Organic  Bases  contaimng  Phosphorus. 

A.  Cahours  <&  A.  W.  HopMANN.     Compt  rend,  41,  831;  Ghent,  Gnu, 
1855,  11. 

P.  Thenard  (vii.  328^,  by  acting  upon  phosphide  of  calcium  with 
chloride  of  methyl,  obtamcd  certain  compounds  containing  methyl  and 
phosphorus,  viz.  PMe,  PMe^  PH'Me  and  PMe*.  Cahours  and  Hofmann, 
by  following  a  similar  mode  of  proceeding,  with  phosphide  of  sodium  and 
iodide  of  methyl,  have  also  obtained  the  compounds  PMe'  and  PMe',  and 
likewise  PMe^I,  a  beautifully  crystallised  substance,  corresponding  with 
iodide  of  tetramethylium.  This  mode  of  preparation  however  is  difficult 
and  dangerous,  inflammable  and  detonating  compounds  heing  formed, 
and  complex  products  obtained,  which  are  very  difficult  to  separate. 

[P.  Berl^  {J,  pr.  Chem,  66,  78),  by  acting  upon  phosphide  of 
sodium  with  iodide  of  ethyl,  has  obtained  triphosphethylamine  (or 
trieihyphospkine),  PAe',  in  the  form  of  a  yellow,  strongly  fuming  liquid, 
which,  when  heated  with  iodide  of  ethyl,  forms  a  crystalline  mass, 
consisting  of  PAe*I,  (iodine  by  analysis  45*5  and  47'8  p.  c;  by  calcu- 
lation 46*3).  —  A  better  result  was  obtained  by  heating  a  mixture  of 
phosphorus,  sodium,  and  iodide  of  ethyl,  in  a  sealed  tube.  The  resulting 
crystalline  mass,  purified  by  recrystallisation,  first  from  alcohol  and 
ether,  then  from  water,  yielded  needles  containing  67*8  p.  c.  iodine;  the 
formula  PAe'I,HI  requires  67*2  p.  c.     On  trying  the  same  experiment 
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on  a  larger  scale,  a  violent  explosion  occarred. -— Piiosphorus,  heated 
with  iodide  of  ethjl,  dissolves  in  considerable  quantity,  but  does  not 
form  an^f  basic  compound.  (Berle.)] 

A  better  mode  of  preparation  is  famished  by  the  action  of  terchloride 
of  phosphorus  on  ziucmetliyl,  zincetiiyl,  and  zincamyl.  Wlien  one  of 
these  substances  is  placed  iu  a  U-tube  filled  with  carbonic  acid,  and 
vapour  of  terchloride  of  phosphorus  passed  through  it,  the  mass  becomes 
strongly  heated,  and  a  viscous  substance  is  formed,  which  solidifies 
completely  on  cooling.  This  solid  mass  is  a  compound  of  chloride  of 
zinc  with  tripbosphomethylamine,  triphosphethylamine,  triphosphamyl- 
amine,  &c.,  e,  g, 

PC1»  +  3C?H3Zn  =  3ZiiCl  +  P((?H3)3. 

These  compounds,  distilled  with  an  excess  of  strong  potash-solution, 
yield  chloride  of  potassium  and  zincate  of  potash,  which  remain  in  the 
retort,  and  volatile  oily  distillates,  having  a  peculiar  odour  something 
like  that  of  the  arsenic  bases,  possessing  very  decided  alkaline  properties, 
and  consisting  of  tripbosphomethylamine,  &c.  These  bodies  form  with 
acids',  crystallisable  and  very  soluble  salts.  Their  hydrochlorates  form 
with  bichloride  of  platinum,  orange-coloured,  very  soluble  .compounds, 
which,  by  slow  evaporation,  may  be  obtained  in  beautiful  crystals. 

Tripbosphomethylamine  in  contact  with  iodide  of  methyl,  becomes 
strongly  heated,  and  yields  a  concrete  substance,  a  considerable  portion 
of  which  dissolves  in  alcohol,  and  separates  out  on  evaporation  in  long 
white  needles  of  iodide  of  tetrapliotpkomethplium,  P(C'H')*I.  —  Iodide 
of  ethyl  acts  in  the  same  manner,  but  less  energetically,  forming 
P(C*H')'(C*H*)I,  which  is  isomorphous  with  the  preceding. — In  like 
manner,  iodide  of  amy!  forms  P(C«H')»(C^°H")I. 

Triphosphethylamine,  treated  in  a  similar  manner  with  the  iodides 
of  the  alcohol-radicals,  yields  the  compounds  PAe'Mel,  PAe*I,  PAe'Aml. 
The  second  of  these  compounds  forms  very  fine  crystals.  —  Triphospha- 
mylamine  also  yields  corresponding  compounds. 

All  these  iodides  are  easily  decomposed  by  oxide  of  silver,  yielding 
hydrated  oxides,  which  neutralise  hydrochloric  acid,  and  form  beautiful 
crystalline  compounds  with  bichloride  of  platinum,  e.  g,y  P(C^H')*Cl, 
PtCP. 

The  preceding  iodides,  treated  with  nitrate,  snlphate,  <&c.  of  silver, 
yield  iodide  of  silver,  and  the  corresponding  salts  of  the  phosphorus- 
bases. 

Terchloride  of  arsenic  acts  upon  zinc-methyl,  &c.  in  the  same  manner 
as  terchloride  of  phosphorus,  yielding  triarsenmdhj/lamine,  triarsenetkyl- 
amine,  &c.  Chloride  of  bismuth  appears  to  act  in  the  same  manner. 
(Cahours  &  Hofmann.) 
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Oxide  of  Methyl.  —  Gaseous  oxide  of  methyl  (hydrate  of  methylene) 
liquefies  when  passed  into  a  tube  cooled  to  —  36°  by  a  mixture  of  snow 
and  chloride  of  calcium.  The  resulting  liquid  distils  at  —  21°,  and 
disappears  completely,  reproducing  the  original  gas.  During  the  lique- 
faction, a  few  small  bubbles  of  gas  are  evolved,  consisting  of  oxide  of 
carbon,  formed  in  the  preparation  of  the  methylic  ether  by  the  action  of 
sulphuric  acid  on  wood-spirit.  (Berthelot,  i7.  Ann,  Chim,  Phy%.  44,  348.) 
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Preparation  ofMethylie  Alcohol,  —  Kane*s  process  for  the  preparation 
of  methylic  alcohol,  by  sataratiug  crude  wood-spirit  with  chloride  of 
calcium  and  distilling  with  water,  yields  but  a  small  quantity  of  the 
pure  product,  in  most  cases  not  more  than  2  or  3  oz.  from  a  gallon  of  the 
crude  wood -spirit.  A  much  better  result  is  obtained  by  first  treating 
the  crude  spirit  with  a  caustic  alkali.  When  crude  wood-spirit  is 
mixed  with  an  equal  volume  of  a  strong  solution  of  caustic  potash  or 
soda,  a  tolerably  strong  action  takes  place,  accompanied  by  a  rise  of 
temperature  and  formation  of  a  homogeneous  solution,  which,  when 
distilled,  yields  a  distillate  containing  a  considerable  quantity  of  methylic 
alcohol,  and  a  residuo  consisting  of  acetate  of  potash  or  soda,  witn  a 
small  quantity  of  resinous  matter.  On  desiccating  the  distillate  with 
carbonate  of  potash,  saturating  with  dry  chloride  of  calcium,  and  dts- 
tilling  at  100  to  remove  oils  and  acetone,  then  decomposing  the  com- 
pound of  methylic  alcohol  and  chloride  of  calcium  by  water  in  the  usoal 
manner,  and  dehydrating  the  distillate  with  quick-lime,  a  quantity  of 
pure  methylic  alcohol  is  obtained,  very  much  larger  than  that  which 
can  be  procured  without  the  use  of  caustic  alkali.  (W.  Gould,  Chcm.  Soc, 
Qu.  J.  7,  312.) 

The  liquid  distilled  from  the  methylated  chloride  of  calcium  was  treated  with  a 
solution  of  caustic  of  potash,  which  separated  some  oils,  mixed  with  acetone  and  a  small 
quantity  of  methylic  alcohol.  In  the  first  treatment  by  caustic  alkali,  the  oils  and 
acetone  had  been  held  in  solution  by  the  greater  quantity  of  methyl -alcohol  then  present. 
The  potash-solution  was  distilled,  and  the  distillate,  after  desiccation,  separated  by 
chloride  of  calcium  into  methyl-alcohol  and  acetone,  the  latter  being  soluble  in  water, 
from  which  it  was  ag^in  separated  by  chloride  of  calcium  or  potash.  —  The  oils  and 
acetone  were  separated  by  mixing  with  water,  which  dissolved  the  acetone,  the  oils 
separating  out  and  floating  on  the  surface.  The  acetone  was  precipitated  from  its  aqueous 
solution  by  potash,  and  thereby  separated  from  a  small  quantity  of  methylic  alcohol 
which  had  dissolved  in  it. 

".  It  appears  from  the  preceding,  that  methylic  alcohol  and  acetic  acid  are  the  principal 
substances  contained  in  crude  wood-spirit,  acetone  and  oils  being  also  present  in  com- 
paratively small  quantities.  (Gould.) 
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ProdiLCtion  oj  Formic  acid  from  Carbonic  oxide,  —  When  carbonic 
oxide  gas  is  made  to  act  at  a  high  temperature  on  hydrate  of  potash,  it 
is  absorbed  and  fonniate  of  potash  is  produced  : 

2CO  +  KUO«  «  C2KU0». 

10  grammes  of  slightly  moistened  hydrate  of  potash  are  introduced  into 
a  number  of  flasks  of  i  litre  capacity,  the  flasks  then  filled  with  carbonic 
oxide,  scaled  before  the  blowpipe,  and  heated  iu  a  water-bath  for 
70  hours.  On  subsequently  opening  the  flasks  under  mercury,  the 
carbonic  oxide  is  found  to  be  completely  absorbed;  and  on  dissolving  the 
contents  of  thd  flasks  iu  water,  a  solution  is  obtained,  which,  when 
supersatumted  with  sulphuric  acid  and  distilled,  yields  aqueous  formic 
acid.  (Berthelot,  Compt  rend,  41,  955;  Ann,  Pharm,  97,  125.) 
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Pa^e  285. 

Selenmethyl.    C«H»Se. 

F.  WouLEB  &  J.  Dean.    Ann,  Fharm.  97,  5. 

Preparation.  By  distilling  a  aolution  of  sulpbomethylate  of  baryta 
with  seienide  of  potassiam.  Selenium  was  converted  into  selenious  acid 
by  oxidation  with  nitric  acid;  the  solution  evaporated  to  complete  dry- 
ness, and  till  the  selenious  acid  began  to  sublime;  the  acid  dissolved  in 
water,  and  neutralised  with  carbonate  of  potash;  a  sufficient  quantity  of 
fine  charcoal -powder  shaken  into  the  liquid;  and  the  whole  evaporated 
to  dryness.  The  mixture  was  then  transferred  to  a  glass  retort,  and 
gradually  heated  over  a  charcoal  fire,  till  the  selenite  of  potash  was 
reduced  to  seienide  of  potassiam,  which  redaction  took  place  at  a  tempe- 
ra turo  considerably  below  redness,  suddenly,  aud  with  bright  incan- 
descence and  semi-fusion  of  the  mass.  After  complete  cooling,  the  retort 
was  broken,  the  mass  added  to  the  solution  of  sulphomethylate  of  baryta, 
the  mixture  quickly  distilled,  and  the  product  purified  by  redistillation. 

Properties.  Reddish  yellow,  very  mobile  liquid,  heavier  than  water 
and  insoluble  therein.  Its  odour  is  as  disagreeable  as  that  of  sulphethyl, 
tellurethyl,  <S:c.  It  is  very  inflammable,  and  bums  with  bluish  seleninm- 
fiame. 

Meihyloselemou9  acid,  CH*Se«0«  =  C»H*0',2SeO*.  —  Selenmethyl  is 
readily  dissolved  by  nitric  acid,  with  evolution  of  heat.  The  solution 
does  not  yield  any  precipitate  with  hydrochloric  acid;  sulphurous  acid 
reduces  selenmethyl  from  it,  in  the  form  of  an  oily  liquid.  On  attempt- 
ing to  concentrate  the  solution  by  evaporation,  nitric  oxide  is  sometimes 
evolved,  and  a  very  violent  action  takes  place,  which  may  increase  to 
such  a  degree  as  to  set  fire  to  the  liquid,  and  decompose  it  completely, 
with  evolution  of  vapours  which  are  intolerably  irritating  to  the  eyes. 
But  by  very  carefully  regulating  the  heat,  the  solution  may  be  concen- 
trated to  a  syrup;  it  then  on  cooling  yields  beautiful  groups  of  colourless 
prisms,  and  the  entire  mass  suddenly  solidifies  in  the  crystalline  form. 

The  crystalline  body  thus  obtained  is  methyloselenious  acid.  It  has 
a  strong  acid  reaction,  an  unpleasant  odour,  ana  persistent  metallic  taste; 
deliquesces  in  the  air;  dissolves  readily  in  water  and  alcohol;  melts 
at  122°;  solidifies  again  in  the  crystalline  form;  aud  when  heated  in  the 
air,  burns  with  the  blue  flame  of  selenium.  When  heated  in  a  tube, 
it  gives  off  very  irritating  vapours,  and  yields  a  reddish  yellow  oil, 
together  with  fused  seleniam.  Hydrochloric  acid  does  not  alter  the 
solution;  sulphurous  acid  throws  down  from  it  a  very  dark  yellowish  red 
fetid  liquid,  probably  biselenide  of  methyl. 

With  Ammonia  the  acid  forms  a  crystallisable  salt,  from  whose  solu- 
tion chloride  of  barium  throws  down  the  m^iyloseleniU  of  baryta,  in  the 
form  of  a  white  c^stalline  precipitate. 

SUver-Mlt.  C»H'AgO*,2SeO».  — Obtained  by  saturating  the  acid  with 
carbonate  of  silver.  Sparingly  soluble  in  cold  water;  from  a  solution  pre- 
pared at  the  boiling  heat,  it  separates  in  groups  of  beautiful  prisms, 
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haying  a  glassy  lastre.  When  exposed  to  light  or  heated,  it  qaieklj 
blackenSy  and  selenide  of  silver  is  reduced,  e^en  from  its  solation,  by 
continued  heating.  Heated,  eren  slightly  in  a  glass  tube,  it  yields 
selenium  and  selenide  of  silyer.  Two  silyer-nleterminations  gave  45*8 
and  45*0  p.  c.  silver,  whereas  the  foniiola  requires  43*2  p.  c;  bat  the 
precipitated  chloride  of  silver  was  always  black  after  fusion,  from  the 
presence  of  selenide  of  silver,  a  selenium-compound  being  precipitated 
simultaneously  with  it. 

.  ChlaromdhyloseUnwua  acid,  —  CH*C10,2SeO*.  —  A  solution  of  me- 
thyloselenious  acid,  mixed  with  hydrochloric  acid  and  evaporated,  yields 
beautiful  transparent  prisms  of  the  chlorinated  acid,  which  do  not  deli- 
quesce on  exposure  to  the  air.  The  acid  has  a  very  unpleasant  taste  and 
odour.  It  melts  between  88°  and  90°  into  a  brown  oil,  therefore  with 
partial  decomposition,  and  afterwards  solidifies  in  the  amorphous  state. 
When  heated  in  a  tube,  it  yields  reduced  selenium  and  a  yellow  oil. 
Dissolves  readily  in  water  and  alcohol.  Sulphurous  acid  added  to  the 
solution,  throws  down  a  dark  red  oil.  Has  a  strong  acid  reaction;  but 
in  contact  with  bases,  it  is  decomposed,  with  formation  of  a  chloride  and 
a  methyloselenite;  e,  g,  with  oxide  of  silver  : 

C«H<ClO,2ScO»  +  2AgO 


2C  . 
4H 

a, 

2Se. 
50. 


Aga 

+  CaH»AgO»,2ScO»  +  HO. 

Wohler  &  Detn. 

120 

...      70    7-2 

40 

....      2-3     3-3 

35-4 

....     20-7     20-4 

80-0 

....     46-7     457 

400 

....     23-3 

C>H4C10,2ScO«  171-4    ....  lOO'O 

(Selenide  of  ethyl,  C^H*Se,  probably  forms  a  similar  chlorinated  add.  At  all 
erents,  the  crystals  which  Joy  obtained  (viii,  357)  by  leaving  chloride  of  selenethyl  in 
contact  with  a  mixture  of  nitric  and  hydrochloric  acid,  exhibited  a  composition  not 
differing  greaUy  from  the  formula  C^H«C10,2S0',  which  requires  12*9  p.  c.  C,  3*2  H 
and  191  CI.) 

Bromomethyloselenioiu  acid.  —  C^H'BrO,2SeO^  —  Produced  when  a 
solution  of  the  chlorinated  acid  is  mixed  with  hydrobromio  acid  and 
evaporated.  Crystallises  in  yellowish  prisms,  and  fuses  readily  into  a 
liquid  having  the  apearanoe  of  bromine. 

ladamethyloselentous  acid.  —  C*H'IO,2SeO*,  —  Obtained  by  mixing 
the  chlorine-compound  with  hydriodic  acid  or  iodide  of  potassium.  Forms 
a  heavy  black  liquid,  having  a  greenish  metallic  lustre,  and  solidifving 
after  awhile  in  the  crvstalline  form.  Has  a  very  un{)leasant  odour. 
Dissolves  readily  in  hydriodic  acid  and  in  iodide  of  potassium.  Dissolves 
also  in  alcohol;  and  when  the  alcoholic  solution  is  left  to  evaporate,  the 
compound  volatilises  completely  without  leaving  any  residue.  (Wohler 
&  Dean.) 
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Telluromethyl.    CH'Te. 

P.  WoHLEB  &  J.  Dean.     Ann.  Fharm.  13,  233;  Chem,  Soc,  Qti.  J. 
B,  164. 

Formation  and  Preparation^  By  distilliDg  telluride  of  potassium 
with  sulphomethylate  of  baryta,  the  distillation  beinp^  continued  as  long 
as  drops  of  oily  liquid  pass  over  with  the  water,  and  the  process  con- 
ducted altogether  as  for  the  preparation  of  tellurethyl.  (viii.  383.) 

Properties,  Pale  yellow  mobile  liquid,  which  sinks  in  water,  and 
does  not  mix  with  it.  Boils  at  82°,  forming  a  yellow  vapour  like  tellu- 
rium itself.  Has  an  extremely  disagreeable  alliaceous  odour,  which  is  so 
intense  and  persistent,  that  even  the  breath  is  affected  by  it  after  some  time. 

Calculation. 

2C  12  ....  15-19 

3  H 3  ....  3-80 

Te 64  ....  81-01 

CHTe    79    ....  10000 

Decompositions.  Telluromethyl  fumes  in  the  air  from  oxidation. 
When  set  on  fire,  it  burns  with  a  bright  bluish-white  flame,  diffusing 
white  fumes  of  tellurous  acid.  Strong  nitric  acid  oxidises  it,  with  evolu- 
tion of  nitric  oxide. 

Comhinations.  Telluromethyl  behaves  with  oxygen,  chlorine,  &c. 
like  a  radical  or  a  metal,  forming  a  basic  oxide  and  analogous  haloid- 
oompounds. 

Oxide  of  TelluromeUiyl,  CH'Te,0.  —  Obtained  by  decomposing  the 
chloride  or  iodide  with  oxide  of  silver.  Either  of  these  compounds  is 
moistened  with  water,  and  oxide  of  silver,  recently  precipitated  by  baryta- 
water  and  well  washed,  added  in  excess,  whereupon  decomposition 
begins  immediately,  and  the  mass  becomes  spontaneously  heated.  The 
filtrate  contains  the  oxide  in  solution. 

Oxide  of  telluromethyl  is  indistinctly  crystalline  when  dry.  Has 
an  abominable  taste,  but  is  inodorous.  Deliquesces  in  the  air  like  potash, 
and  absorbs  carbonic  acid.  Its  aqueous  solution  is  strongly  alkaline  to 
test-paper;  eliminates  ammonia  from  sal-ammoniac,  even  at  ordinary 
temperatures,  and  forms  a  blue  precipitate  with  sulphate  of  copper. 
Sulphurous  acid  added  to  the  solution  immediately  throws  down  telluro- 
metnyl,  in  the  form  of  an  oily  stinking  liquid;  hydrochloric  acid  preci- 
pitates the  white  chloride;  hydriodic  acid  the  red  iodide.  On  saturating 
the  aqueous  oxide  with  sulphuretted  hydrogen,  a  slight  milky  turbidity 
is  produced;  and  on  distilling  the  liquid,  white  sulphur  separates  out, 
and  a  yellow  oil  passes  over,  which  appears  to  be  merely  reduced 
telluromethyl. 

Sxdphate  of  Telluromethyl^  formed  by  directly  saturating  the  base 
with  the  acid,  crystallises  in  very  regular  transparent  cubes  of  consi- 
derable size.     It  dissolves  readily  in  water,  but  is  insoluble  in  alcohol. 

Iodide,  —  When  colourless  hydriodic  acid,  or  iodide  of  potassium,  is 
dropt  into  a  solution  of  nitrate  of  telluromethyl,  a  precipitate  is  formed 
of  a  bright  lemon-yellow  colour,  but  changing  in  a  few  seconds  to  ver- 
million-red.     If  the  solutions  are  mixed  warm^  the  precipitate  exhibits 
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at  once  a  red  colour  and  crystalline  structure.  When  dry,  it  forma  a 
Tenn  ill  ion-coloured  powder.  —  The  compound  dissolves  sparingly  in  oold, 
much  more  freely  in  hot  water,  and  abundantly  in  hot  alcohol,  formiDo- 
a  reddish  yellow  solution.  From  both  solutions,  it  crystallises  in  small 
shining,  vermillion-coloured  prisms,  which  are  largest  when  they  sepa- 
rate from  the  alcoholic  solution.  They  yield  an  orange-yellow  powder. 
Under  the  microscope,  they  appear  orange-yellow  by  transmitted  light, 
but  certain  ^es  exhibit  a  fine  blue  surface-colour.  —  It  appears  to  be 
dimorphous,  like  iodide  of  mercury;  for,  on  mixing  the  cooled  alooholio 
solution  with  about  an  equal  volume  of  water,  the  iodide  is  precijMtatedy 
of  a  lemon-yellow  colour;  but  in  a  few  minutes,  a  movement  of  the  par- 
ticles is  observed  throughout  the  liquid,  and  the  precipitate  soon  assumes 
the  character  of  vermillion-coloured,  crystalline  laminie.  The  yellow 
variety  cannot^  however,  be  obtained  in  a  permanent  form;  for  the 
alcoholic  solution  yields  red  crystals  by  evaporation,  and  the  componnd 
cannot  be  melted  without  decomposition.  £ven  at  130°^  it  is  converted 
into  black  iodide  of  tellurium. 


2  C 

3  H    

12 

3 

....       5-86 
....       1-40 
....     31-22 
....     61-46 

Wdliler  &  Dean. 

5-40 

1-61 

Te  

I 

64 

126 

31-24 

61-54 

C?H»rel 

205 

....  10000 

99-79 

Bromide,  CH'TeBr.  —  Prepared  like  the  chloride,  which  it  closely 
resembles,  and  with  which  it  is  probably  isomorphous.  Forms  shining 
colourless  prisms,  which  melt  at  89°. 

Chloride,  C*H*TeCl.  —  Obtained  as  a  thick  white  precipitate,  resem- 
bling chloride  of  lead,  on  adding  hydrochloric  acid  to  a  solution  of  the 
nitrate.  Redissolves  when  heated,  and  crystallises  on  cooling  in  long 
thin  prisms,  like  corrosive  sublimate.  When  prepared  from  the  amorphoos 
nitrate  (inf,)^  it  contains  tellurous  acid,  mixed  or  combined.     Melts   at   97*5°,   but 

appears  not  to  be  volatile  without  decomposition.  Solidifies  from  fusion 
in  a  mass  having  a  highly  crystalline  structure.  Does  not  distil  over 
with  water,  but  its  heated  aqueous  solution  has  a  faint  alliaceous  odour. 
Does  not  form  any  precipitate  with  bichloride  of  platinum.  Dissolves 
readi]y*in  alcohol. 

Oxychloride.  C«H'TeCl,OTITeO. — Formed  by  dissolving  the  chloride 
in  ammonia.  On  evaporating  and  digesting  the  residue  of  sal-ammoniac 
and  oxychloride  in  alcohol,  the  latter  dissolves  and  separates  from  the 
solution  in  short  colourless  prisms.  Hydrochloric  acid  added  to  the 
solution  precipitates  the  chloride. 

Sulpkochloride.  C2H'TeS,C«H»TeCl  ? — Sulphuretted  hydrogen  passed 
through  a  solution  of  the  chloride,  forms  a  white  flocculent  precipitate, 
which  afterwards  turns  yellowish,  the  liquid  at  the  same  time  acquiring 
an  extremely  repulsive  odour.  If  it  be  then  distilled,  there  passes  over 
with  the  water,  a  heavy  oily  liquid,  having  a  reddish  yellow  colour  and 
extremely  offensive  odour,  and  yielding  sulphuric  acid  when  oxidised 
with  aqua-regia. 

NUraU.  C*H'TeO,NO».  —  Telluromethyl,  heated  with  moderately 
strong  nitric  acid,  dissolves  partially  at  first,  with  reddish  yellow  colour; 
but  after  a  while,  a  violent  reaction  ensues,  attended  with  evolution  of 
nitric  oxidci  and  a  colourless  solution  of  the  nitrate  is  obtained,  which  by 


SULPHOMETIIYLATES.  496 

careful  evaporation^  yields  the  salt  in  large  colourless  prisms.  Sometimes, 
however,  probably  when  tlie  arid  is  too  strong  or  in  too  great  excess,  the  ssalt  is  obtained 
on  evaporation,  not  in  crystals,  but  in  llie  form  of  a  transparent  amorphous  mass,  con. 
taining  tellurons  acid,  mixed  or  combined,  and  arisint;  proba))ly  from  decoir position  of  a 
portion  of  the  tellurometh>l.  —  The  nitrate  decomposes  with  explosion  if 
heated.  It  dissolves  readily  in  water  and  alcohol.  The  aqueous  solution, 
mixed  with  hydriodic,  hydrobromic,  or  hydrochloric  acid,  yields  a  pre- 
cipitate of  the  iodide,  bromide,  or  chloride  of  telluromethyl. 

Oxide  of  telluromethyl  dissolved  in  hydrocyanic  acid  does  not  form  a  cyanide  of 
telluromethyl:  on  evaporating  the  solution,  the  base  remains  in  its  original  state. 
(Wdhler  &  Dean.) 

Page  287. 

Cfhloride  of  Methyl,  —  Gaseous  chloride  of  methyl  (or  hydrochlorate 
of  methylene)  liquefies  at  —36°,  without  any  evolution  of  gas.  The 
resulting  liquid  boils  at  —22°,  reproducing  the  gas;  and  by  the  time  the 
temperature  has  risen  to  —20°,  nearly  the  whole  has  distilled  over. 
A  small  quantity  of  a  liquid,  however,  generally  remains,  free  from  chlorine,  insoluble 
in  water,  and  probably  arising  from  some  impurity  in  the  wood-spirit. 

Chloride  of  methyl  passed  through  a  glass  tube  filled  with  pumice- 
stone  and  heated  to  dull  redness,  scarcely  undergoes  any  decomposition; 
at  a  bright  red  heat,  an  abundant  deposit  of  charcoal  is  formed  on  the 
pumice-stone,  and  a  liquid  condenses  beyond  the  tube.  The  gaseous  pro- 
ducts  are  comparatively  small  in  quantity  {compare  vii,  287.)  The  gases 
obtained  both  at  the  dull  and  at  the  bright  red  heat,  were  found,  after 
being  washed  with  a  large  quantity  of  water,  to  undergo  scarcely  any 
diminution  by  the  action  of  bromine.  — 100  pts.  of  the  gas  collected  at  a 
dull  red  heat,  yielded  74  pts.  of  carbonic  acid;  the  total  absorption 
amounted  to  229  pts.  —  100  pts.  of  the  gas  collected  at  a  bright  red  heat, 
yielded  73  pts.  of  carbonic  acid;  the  total  absorption  amounted  to  232  pts. 
This  gas,  treated  with  bromine  and  then  analysed  again,  yielded  the  same 
results.  Hence  the  gas  contains  53  p.  c.  marsh-gas,  18  carbonic  oxide, 
and  27  hydrogen.  The  oxide  of  carbon  is  probably  due,  citlier  to  a  small 
quantity  of  moisture,  or  to  the  formation  of  a  small  quantity  of  oxide  of 
methyl,  together  with  the  chloride.  (Berthelot,  iV.  Ann,  Ghim.  Phys, 
44,  349.) 


Page  306. 

Spontaneous  Decomposition  of  Sulphomethylates,  —  A  mixture  of  the 
dry  crystallised  snlphomethylates  of  baryta  and  lime,  set  aside  in  a 
loosely  stopped  bottle  and  exposed  to  daylight  for  22  mouths,  was  found 
to  have  diminished  in  bulk  by  one-third,  the  upper  portion  of  the  contents 
l)eing  a  yellowish  acid  liquid  of  disagreeable  odour,  the  lower  a  white 
apparently  amorphous  substance,  surmounted  by  a  crystalline  crust,  from 
which  sprung  numerous  distinct  crystals,  having  their  summits  turned 
towards  the  (light.  —  These  crystals  consist  of  sulphate  of  lime, 
CaO,SO'-h2Aq;  they  belong  to  the  oblique  prismatic  system;  their  hard- 
ness is  between  1*5°  and  2°;  sp.  gr.  between  2*21  and  2*3525;  lustre 
pearly  in  some  aspects,  vitreous  in  others.  The  crystalline  crust,  from 
which  the  prismatic  crystals  rose,  also  consisted  of  this  salt.  The  white 
amorphous  powder  was  sulphate  of  baryta,  intermixed,  however,  with 
botryoidal  masses  of  granular  sulphate  of  lime^  2(GaO,SO')  +  Aq. 
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Tbe  yellow  liquid  was  a  mixture  of  solpboYinic  and  sulphuric  acids, 
with  water  and  a  small  quantity  of  an  oily  odorous  liquid.  W  hen  neutralised 
with  carbonate  of  baryta^  it  yielded,  after  separation  of  tbe  sulphate  of 
baryta,  and  subsequent  eyaporation  and  recrystallisation,  crystals  of  sul- 
phomethylate  of  baryta,  which,  when  dried  between  paper,  were  found 
to  contain  3866  p.  o.  baryta,  agreeing  with  the  formula  C*H*BaO*,2SO* 
+  2Aq,  which  requires  3876  p.  c.     The  same  salt,  dried  at  100°,  con- 
tained 42*60  p.  c.  baryta,  agreeing  with  the  formula  C*H'BaO*,2SO*,  which 
requires  42 '65. —  The  saturated  solution  of  this  sulphometfaylate  is  not 
altered  by  prolonged  ebullition,  and  the  crystals  may  be  heated  to  lOO'' 
without  becoming  acid  or  otherwise  decomposing.     It  this  respect^  tbe 
salt  differs  remarkably  from  the  ordinary  sulphomethylate  of  baryta 
(vii,  306),  although  agreeing  with  it  in  constitution;  it  is,  in  fact,  the 
Itomologue  in  the  methyl-series  of  the  stable  sulphoTinate  (parathionate) 
which  Gerhardt  ifiompU  chim,  1845,  176)  obtained  by  repeatedly  boiling 
and  neutralising  with  carbonate  of  baryta,  the  aqueous  solution  of  the 
ordinary  sulphovinate,  and  which  has  more  recently  been  identified  by 
Berthelot  {N,  Ann.  Chim.  Fhy$,  45,  392)  with  the  sulphovinate  obtained 
by  saturating  with  carbonate  of  baryta  the  mixture  of  4  vol.  sulphuric 
acid  and  1  vol.  alcohol  used  to  prepare  defiant  gas,  or  the  solution  of 
that  gas  in  oil  of  vitriol.     This  view  is  further  confirmed  by  the   fact, 
that  protonitrate  of  mercury,  added  to  a  strong  solution  of  ordinary  sul- 
phovinate  or  sulphomethylate  of  baiyta,   forms  a  grey  or  slaty  pre- 
cipitate; whereas,  with  Gerhard t's  parathionate,  with  the  sulphomethylate 
obtained  by  the  same  method,  and  with  the  stable  sulphomethylate  above 
mentioned,  the  precipitate  is   white.      The  acid  of  the  stable  sulpho- 
methylate may,  for  distinction,  be  called  pSulpiorMtkylic  acid.  (A.  H. 
Church,  Phil.  Mag.  [4],  10,  40.) 

Action  of  Water  on  SidphometJtylates,  —  When  sulphomethylate  of 
silver,  iodide  of  methyl,  and  absolute  alcohol  are  placed  together  in  a 
sealed  tube,  and  somewhat  strongly  heated  in  an  oil-bath,  iodide  of  silrer 
is  formed,  and  on  opening  the  tube,  a  certain  quantity  of  sulphomethylate 
of  methyl  may  be  obtained  by  distillation: 

^'^'}2So^  +  cmn  «  Agi  +  5hI}2SO 

This  sulphomethylate  of  methyl  appears  to  be  identical  with  the  sulphate 
of  methyl  obtained  by  distilling  wood-spirit  with  oil  of  vitriol.  Both 
these  products,  when  placed  in  water,  are  decomposed  slowly  at  ordinary 
temperatures,  but  almost  instantaneously  at  100°,  the  products  being 
methylic  alcohol  and  )8-sulphomethylic  acid, 

^zSsj^SO^  +  2H0  -  C^H^O^  +  ^^"'}2SO 

In  whatever  way  the  methylic  sulphate  may  be  prepared,  and  its  trans- 
formation in  contact  with  water  effected,  ^-snlphomethylic  acid  appears 
to  be  invariably  produced.  Only  in  one  instance  was  a  small  quantity 
of  acid  obtained  which  yielded  a  baryta-salt,  decomposible  at  100  . 
The  modified  sulphometliylic  acid  is  obtained  in  the  purest  state  when 
sulphate  of  methyl  is  decomposed  by  water  at  the  ordinary  summer 
temperature ;  at  higher  temperatures,  secondary  products  are  also  formed. 
Sulphomethylate  of  ethyl  (or  sulphethylate  of  methYl)i  treated  with 
water  in  a  similar  manner,  yields  methylic  and  vinic  alcohols,  together 
with  )9-sulphomethylic  and  /S-sulphovinie  (parathionic  ?)  acid: 

2(^yI}2SO*)  +  4H0  -  C2H^0»  +  C^HW  +  ^'^'|  2SO^  +  ^  y*}2SO< 
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When  sulphomethylate  of  batyta  is  feabjeoted  to  the  action  of  boiling 
water,  sttlpbate  of  methyl  is  first  formed,  a&d  then  decomposed  as  abova 
(Churoh,  Fhtl.  Mag.  [4],  11,  68.) 


Page  308. 

Methyloteirasulphuric  Acid.     C»H*,4S0».  —  Formed  by  the  action  of 
faming  sulphuric  acid  on  acetonitrile  (cyanide  of  methyl): 

C*H»N  +  5HSO*  -  C»H*,4S0«  +  NH*,SO*  +  2CO». 

When  acetonitrile  and  faming  sulphuric  acid  are  rapidly  mixed,  and  the 
liquid  rather  strongly  heated,  carbonic  acid  is  abundantly  eVolred;  and  the 
residual  mass,  whicli  is  tough  and  resinous,  yields,  when  treated  with 
Water  and  boiled  with  an  excess  of  carbonate  of  baryta,  a  magnificent 
crystallisation  of  mHfiylotetramlphate  of  baryta,  C*(H"Ba*)4SO*+4Ad. 
This  is  a  yery  stable  salt.  It  does  not  lose  weight  at  100°,  but  gives  ott 
its  4  At.  water  at  170°.  No  further  alteration  takes  place  at  170°,  but 
at  a  stronger  heat,  the  salt  is  resolved  into  water,  sulphide  of  barium 
sulphurous  acid,  sulphur,  and  carbonic  oxide. 

The  free  acid  is  obtained  by  precipitating  a  solution  of  the  barium- 
salt  with  sulohuric  acid,  or  by  decomposing  the  lead  or  silver  salt  with 
sulphnretted  hydrogen.  Crystallises  m  long  needles,  very  soluble  and 
deliquescent.  Has  a  sharp  taste,  with  somewhat  of  the  flavoar  of 
tartaric  acid. 

Calculation. 

2  C  12     6-82 

4  H 4     2*27 

4  S0»  160    90-91 

C«H*i4SO»  176    .......  100-00 

May  bo  regarded  as  marsh-gas  associated  with  4  At.  sulpharic  acid.  The  change 
which  the  acetic  molecule  undergoes  in  the  fofmation  of  this  compound  under  th6 
influence  of  sulphuric  acid,  is  the  same  as  that  which  it  suffers  under  the  inflopnee  of  an 
alkali.  In  both  cases,  the  molecule  splits  up  into  marsh-gas  and  carbonic  acid  (ix.  294)  ; 
only  in  the  latter  case,  it  is  the  carbonic  acid  which  is  fixed,  while  in  the  former,  the 
marsh -gat  remains  in  combination. 

AmmamO'talt.  C«[H*,(NHV],4S0».  — Obtained  by  neutralising  the 
acid  with  ammonia,  —  or  by  the  action  of  fuming  sulphuric  acid  on 
acetamide  (ix,  246),  which  differs  from  acetonitrile  only  by  2H0.  Crys- 
tallises with  great  facility  in  colourless  prisms,  sometimes  an  inch  long. 
They  are  anhydrous,  and  perfectly  stable  at  190^ 

Sater^saH.  C»(H»Ag*)4S0«.  *- Obtained  by  digesting  oxid#  of  silver 
with  the  aqueond  acid.  Forms  lurge  cmtals,  which  dissolte  reiLdily  in 
water,  but  are  insoluble  in  alcohol  aitd  ether. 

When  fuming  Bulphuric  acid,  instead  of  being  suddenly  mixed  with 

acetonitrile,  is  added  to  it  in  small  quantities,  and  the  mixture  cooled 

after  each  addition,  a  different  aetien  takes  place,  the  nascent  acetic  acid 

simply  combining  with  2  At.  sulphuric  acid,  producing  the  siUphacetic 

VOL.  X.  2  k 
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acid  wbich  MelseiiB  obtained  (viii,  436)^  bj  tbe  action  of  anbjdrou 
sulpburio  aoid  on  glacial  acetic  acid: 

OH'N  +  2110  +  3HSO*  -  C<HKH,2S0>  +  NH*,SO*. 

Salpbaoetic  add. 

By  addition  of  water  and  saturation  with  carbonate  of  baryta^  ciyBtali 
are  obtained,  consisting  of  solphacetate  of  baryta.  (G.  B.  Buckton  & 
A.  W.  Hofmann,  Froc,  Roy.  Soc,  7,  544.) 


Page  321. 

Fenta-iodide  of  Tetramdhylium,  (C*IP)*N,I*.  —  An  alcobolic  eola- 
tion of  iodine  added  to  a  heated  solation  of  proto-iodide  of  tetramethyliom, 
throws  down  the  penta-iodide  in  an  abundant  crop  of  needles,  having  a 

metallic  lustre. 

WdtzieD. 

8C  48     ....      6-82     6-89 

N  14     ....       1-99 

12  H 12     ...        1-70     1-90 

6  I  630  ....  89-49  8905  88-32 

C8NH»1»  704  ....  100-00 

This  compound  is  decomposed  by  boiling  with  water,  yielding  a 
yellow  liquid,  from  which  white,  opaque,  welfformed  crystals  of  proto- 
lodide  of  tetramethylium,  G'NH^'I,  separate;  and  on  the  other  hand^  still 
higher  iodides  are  probably  formed.  The  crystals  of  the  proto-iodide 
yielded  by  analysis  28*72  p.  c.  G,  6*28  H,  and  61 '88  I;  the  formula 
requiring  24  p.  c.  C,  6  H^  and  63  I.  (Weltzien.) 

Df^'iodide  of  Tetramethylium.  ((?H>)«N,P^  —  On  adding  iodine  to 
a  boiling  solution  of  the  penta-iodide  in  dilute  alcohol,  there  was  formed 
at  the  bottom  of  the  boiling  liquid,  a  melted  mass,  which  orystallised  on 
cooling,  and  gave  off  iodine-vapours  when  exposed  to  the  air. 


8C. 

N 

12  H 

10  1. 


Weltacr. 

48 

•  •■• 

3-60 

14 

■  ••• 

1-06 

12 

•••« 

0-90 

1260 

•••• 

94-44 

95-35 

C»NH«I>« 1334    ....  100-00 

The  compound  ammoniums  containing  4  At.  Me,  Ae,  &e.,  whose 
compounds  are  not  volatile,  and  whose  hydrated  oxides  bear  a  cloe^ 
resemblance  to  potash,  appear  to  be  the  only  ones  capable  of  forming 
these  periodides.  The  solution  of  iodine  in  iodide  of  potassium  mayi 
perhaps,  contain  similar  periodides  of  potassium.  (Weltzien,  Ann,  Fhamu 
91,  41.) 
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Bromoform,  CHBr*.  —  In  the  preparation  of  bromine  from  the  l9.st 
portions  of  the  mother-liqaor  obtained  from  the  Schonebecksalt-spring, 
there  distils  over,  together  with  the  free  bromine,  an  oily  liquid,  which, 
being  less  volatile  than  bromine  itself,  remains  in  the  first  of  the  series  of 
receivers  used  to  condense  the  products.  This  substance  was  formerly 
regarded  by  Hermann  as  a  definite  oomponnd  CHBr',  the  variations  in  its 
boiling  point  being  attributed  to  the  facility  with  which  it  decomposes; 
but  later  experiments,  peiformed  with  a  larger  quantity  of  material,  have 
shown  that  this  view  is  incorrect,  and  moreover  that  the  liquid  cannot 
be  brought  to  a  definite  state  by  fractional  distillation,  even  in  an 
atmosphere  of  carbonic  acid.  By  subjecting  the  liquid,  however,  to  the 
following  treatment,  a  definite  compound  is  obtained  from  it. 

The  oily  liquid  cooled  to  —  20"^  C,  by  a  mixture  of  ice  and  salt,  soli- 
difies for  the  most  part  in  white  shining  crystalline  laminae.  To  purify 
these,  the  mother-liquor  is  carefully  decanted,  the  crystals  melted,  again 
crystallised  and  separated  from  the  mother-liquor,  and  these  operations 
several  times  repeated.  The  solidified  mass,  after  being  freed  as  com- 
pletely as  possible  from  the  mother-liquor,  is  then  introduced  into  a 
capacious  funnel,  in  the  apex  of  which  is  placed  a  small  perforated  filter. 
At  first  the  principal  part  of  the  mother-liquor  runs  off,  and  the  rest  is 
displaced  by  the  liquid  proceeding  from  the  gradually  melting  crystals. 
The  product  which  last  drips  from  the  melting  crystals  may  be  regarded 
as  perfectly  pnre.  If  the  mother-liquor  ol^ined  as  above  be  again 
treated  in  the  same  manner,  a  product  is  ultimately  obtained  which  no 
longer  crystallises  at  —  20**  C. 

The  crystals  consist  of  bromoform,  the  formation  of  which  is  due  to 
the  action  of  the  free  bromine  on  the  highly  carboniferous  organic  matters 
contained  in  the  mother-liquor  of  the  salt-spring. 

The  melting  point  of  the  crystals  is  —  9°  C. :  if  they  have  previously 
been  completely  dehydrated  by  remaining  some  time  over  dry  chloride  of 
calcium,  they  form,  m  the  melted  state,  a  colourless,  very  mobile  liquid, 
having  a  saccharine  taste,  with  a  very  persistent  burning  after-taste ; 

Hermann  {mean)^ 

2C 12     ....       4*74     ....       4-80 

H    1     ....       0-40     .  .       0-43 

3  Br  240     ....     94-80     ....     94*77 

C*HBr* 253     ....  10000     ....  100-00 

Bromoform  exposed  to  the  air  decomposes  to  a  certain  extent,  assuming 
a  red  colour,  from  the  presence  of  free  bromine.  When  distilled,  even 
in  a  stream  of  carbonic  acid,  it  is  decomposed  in  the  same  manner  as  the 
crude  liquid,  a  small  quantity  of  bromide  of  carbon  being  ultimately 
formed.  When  exposea  to  the  action  of  chlorine  in  sunshine,  the  liquid 
is  gradually  but  completely  converted  into  solid  chloride  of  carbon. 

Bromoform  is  not,  like  chloroform,  converted  by  caustic  potash  into 
bromide  of  potassium  and  formiate  of  potash.  Not  a  trace  of  formic 
acid  is  produced,  and  the  reaction  is  different,  according  as  the  hydrate  of 
potash  is  used  in  the  free  state,  or  dissolved  in  alcohol. 

When  hydrate  of  potash  is  brought  in  contact  with  bromoform,  no 
action  takes  place  at  first^^  but  after  a  while,  the  mass  becomes  so  strongly 
heated  that  the  bromoform  begins  to  distil  over,  and  at  the  same  timo 

2  K  2 
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a  gas  is  evolved^  which,  when  freed  by  agitation  with  water  from  a 
small  quantity  of  diffused  bromoform,  exhibits  the  characters  and  com- 
position of  pure  carbonic  oxide.  The  decomposition  is  expressed  by  the 
following  equation : — 

C^HBrS  +  3K0  =  2CO  +  HO  +  3KBr. 

and  is  analogous  to  that  which  the  corresponding  oxygen-compoandy  vis. 
formic  acid,  undergoes  under  the  influence  of  sulphuric  acid. 

With  an  alcoholic  solution  of  potash,  on  the  other  hand,  the  erolved 
gas  is  a  mixture  of  carbonic  oxide  and  defiant  gas,  the  latter  proceeding 
from  the  alcohol,  which,  under  these  circumstances,  is  resolved  into 
defiant  gas  and  water,  its  decomposition  being  induced  by  that  of  the 
bromoform.  The  relative  quantities  of  carbonic  acid  ana  olefiant  gas 
thus  produced,  vary  with  the  degree  of  concentration  of  the  alcoholic 
solution  of  potash;  but  it  is  especially  remarkable  that  the  simultaneooa 
decompositions  of  the  bromoform  and  alcohol,  though  not  connected  by 
any  mutual  action,  nevertheless  take  place  in  simple  atomic  proportions: 
so  that,  for  example,  1  atom  alcohol  is  decomposed  for  every  3  atoms 
bromoform;  or,  with  a  differently  concentrated  solution,  5  atoms  bromo- 
form to  3  atoms  alcohol;  thus  affording  an  example  of  the  remarkable 
law  discovered  by  Bun  sen  relating  to  the  coefficients  of  affinity. 

The  n  on -crystal  lisable  portion  of  the  original  liquid  appears  to  contain 
protobromide  of  carbon,  C^Br,.  (M.  Hermann,  Ann»  Fharm,  95,  211.) 


Page  355. 

Action  of  Chlorine  on  the  StQphides  of  Methyl. 

A.  RiGHB.     N,  Ann,  Chim.  Phys,  43,  284. 

Monochlorinated  Zfetkylic  Sulphide,  CH'CIS.  —  Formed  by  the  action 
of  chlorine  on  methylic  sulphide,  under  the  influence  of  diffused  day- 
light   and  a    low  temperature.      At    ordinary  temperatures,    chlorine 
acts   with   great  violence   on   methylic  sulphide,   each   bubble  of  th« 
gas,  as  it  pas^es  into  the  liquid,  producing  flame  and  a  carbonaceous 
deposit.     To  obtain    a  definite  result,   it    is   necessary  to    place  ths 
sulphide  in  a  retort,   surrounded  with  ice,  and  to  introduce   perfectly 
dry  chlorine  very  slowly  by  means  of  a  tube,   terminating  a  little 
above  the  surface  of  the  liquid.     In  this  manner,  the  yellow  oil  men- 
tioned by  Regnanlt  (vii.  355)  is  produced;  it  is  at  first  contaminated 
with  hydrochloric  acid  and  unaltered  sulphide  of  methyl,  which  quickly 
induce  its  decomposition,  even  in  stoppered  vessels;  but  by  heating  it  to 
50°  or  60°,  and  passing  a  rapid  current  of  dry  carbonic  acid  through  it, 
these  impurities  are  removed,  and  the  compound  may  then  be  preserved 
without  alteration. 

Yellow  oil,  heavier  than  water,  and  having  a  strong,  disagreeable 
odour.  When  heated  in  a  retort,  it  partly  distils;  but  a  considerable 
portion  is  decomposed,  and  leaves  a  carbonaceous  residue. 

Ricbe. 

2  C 120     ....     18-35     18-92 

2  U    20    ....       3-06     3-42 

CI    35-4     ....     54-13     53-22 

S lG-0     ....     24-46 

C=H-C1S 63-1     ....  100-03 


BICHLORfNATED   METHYLIC  SULPHIDE.  fiul 

BieUorinaUd  Methylic  Sulphide.  C»HC1«S.  —  When  chloriDC  is 
passed  bj  separate  bubbles  into  the  preceding  compound,  a  rapid  action 
takes  place,  which  may  even  produce  inflammation.  To  prevent  this 
occurrence,  the  retort  must  be  cooled  at  the  commencement  of  the 
operation,  and  the  delivery-tube  made  to  terminate  above  the  liquid; 
towards  the  end,  however,  the  tube  must  be  made  to  dip  into  the 
liquid,  and  the  chlorine  may  be  passed  into  it  with  considerable  rapidity. 
As  soon  as  the  chlorine  ceases  to  be  absorbed,  it  must  be  replaced  by 
a  current  of  dry  carbonic  acid,  to  expel  the  excess  of  chlorine  and 
hydrochloric  acid.  —  The  product  is  a  heavy  yellow  liquid,  sometimes 
of  a  very  deep  colour.  It  boils  at  a  high  temperature,  and  is  partly 
decomposed  by  distillation. 

Riche. 
2Cr 12-0      ...     1203    12-70 

H    10     ....       100     117 

2  CI   70-8     ....     70-94     70-35 

S 160     ....     16-03 


C?HC1»S 99-8     ....  100-00 

In  diffused  daylight,  this  compound  may  be  kept  for  several  days  in 
an  atmosphere  of  dry  chlorine  without  sensible  alteration;  but  in  sunshine 
the  chlorine  is  absorbed  and  a  heavy  liquid,  of  a  light  ruby-red  colour 
IB  formed,  consisting  of  Regnault's  terchlorinated  methylic  sulphide 
(yIL  355),  together  with  bichloride  of  carbon  and  protochloride  of  sulphur: 

[2C«HCPS  +  6C1  -  C2C1»S  +  C2C1*  +  SCI  +  2HC1] 

When  this  liquid  is  distilled,  It  begins  to  boil  at  70°,  but  the  boiling 
point  soon  rises  to  170**  —  175°.  The  first  portions  of  the  distillate 
exhibit  a  bright  red  colour,  due  to  the  presence  of  chloride  of  sulphur, 
the  subsequent  portions  are  of  a  light  yellow  colour.  The  greater 
portion  of  the  liquid  distils  over  between  )55°  and  163°,  and  if  this 
portion  be  collected  apart  and  repeatedly  rectified,  a  very  limpid,  amber- 
coloured  liquid  is  finally  obtained,  which  boils  without  alteration  between 
156°  and  160°,  This  liquid  is  terchlorinafed  methylic  sulphide,  CCre. 
It  has  a  strong,  penetrating  odour,  is  insoluble  in  water,  but  dissolves 
easily  in  alcohol  and  ether.  It  is  not  decomposed  by  aqueous  potash  or 
ammonia.  Vaponi^density  5*68.  —  This  same  compound  is  also  formed  by  the 
continued  action  of  chlorine  on  bisulphide  of  methjl  in  sunshine  (p.  503). 

Riche. 
a.  b. 

2C    120    ....      8-94     9-37     ....       908 

3  CI  106-2     ....     7914     79-16     ....     7916 

S    16-0    ....     11-92 

H   0-09 

C«C1»S    134-2     ....  10000 

Vol.         Density. 

C-vapour 2    ....     0*8320 

Cl.gas 3    ....     7*3629 

S-vnpour i    ....     M093 

Vapour  of  C^C1>S 2     ....    9-3042 

1     ....     4-6521 
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a,  from  monosnlpbide ;  b,  from  bisulphide  of  methyl.  The  calciiUted  ▼aponr- 
density  differs  considerably  from  the  eiperimeotsl;  bat  the  difference  voald  be  mnch 
greater  if  the  Tsponr  were  r^arded  as  monatomic.  It  appears  probable  therefore  that 
the  compound  CK^i'S  is  resolved  by  heat,  like  CSCPO  (yn,  355)  into  COS  and  CCP ; 
and  that  the  vaponr  whose  density  was  actnally  determined  was  a  mixtnre  of  these  two 
▼apours.  The  low  boiling.point  of  the  compound,  as  compared  with  the  boiling.paiaU 
of  monochlorinated  and  bichlorinated  methylic  sulphide,  appears  to  faTour  this 


By  carefally  distilling  the  red  liquid  pTodnced  bj  the  continaed 
action  of  chlorine  in  sunshine  or  monosnlphide  of  methyl  (p.  500),  a 
ruby-coloured  distillate  is  obtained  below  1 00°,  which  consista  of  chloiida 
of  sulphur  mixed  with  bichloride  of  carbon.  By  treating  this  distillate 
with  caustic  potash,  the  chloride  of  sulphur  is  decomposed,  and  the 
bichloride  of  carbon  separated;  and  by  digesting  the  latter  oyer  fused 
chloride  of  calcium  and  rectifying,  it  is  obtained  in  the  form  of  a  colour- 
less  liquid,  of  sp.  gr.  1*567  at  12  ,  having  a  pleasant  ethereal  odour,  and 
boiling  at  77**.  It  gave  by  analysis  7'80  p.  c.  C  and  01 '88  CI:  the 
formula  C*C1*  requiring  7*  69  C  and  92-31  CL  (compare  Tii.  356.)  —  When 
the  sulphide  of  methyl  and  the  chlorine  are  both  very  dry,  and  all 
necessary  precautions  are  taken  to  preclude  the  entrance  of  moistnre 
into  the  vessels,  the  quantities  of  chloride  of  sulphur  and  chloride  of 
carbon  obtained  are  but  small;  but  if  moisture  is  present j  they  are 
produced  in  great  abundance. 

Chloride  of  Methylic  Bisulphide.  C»H'S',CL  —  When  a  few  drops  of 
bisulphide  of  methyl  are  let  fall  into  a  flask  containing  diy  chlorine, 
a  number  of  sulphur-yellow  crystals,  having  the  form  of  rhomboidal 
laminae  are  immediately  deposited  on  the  sides  of  the  vessel.  These 
crystals  are  very  instable,  and  are  destroyed  by  an  excess  of  chlorine. 
During  the  first  staf  e  of  the  reaction,  that  is  to  say,  while  the  crystals 
are  forming,  no  evolution  of  hydrochloric  acid  is  observed;  consequently 
the  crystals  contain  all  the  hydrogen  of  the  bisulphide  of  methyl, 
and  their  formation  is  due  to  a  simple  fixation  of  chlorine.  They  are 
Yery  difficult  to  isolate,  on  account  of  their  great  volatility  and  their 
strong  tendency  to  decompose.  To  obtain  a  sufficient  quantity  for  ana- 
lysis, it  is  necessary  to  drop  bisulphide  of  methyl  successively  into  several 
flasks  containing  chlorine,  quickly  remove  the  crystals  with  a  thin  glass 
plate,  press  them  between  bibulous  paper,  and  enclose  them  in  a  gl 
bulb  previously  weighed. 


2  C 

CrytiaU. 
12-0     .. 

..     14-56     .... 
3-64     .... 
..     42-98     .... 
..     38-82 

Riche. 
....     14-81 

3  H 

3-0     .. 

....       3-62 

CI    

2  S 

35-4     .. 

32-0     .. 

....     42-37 

C2H«SS,C1  82-4     ....  100-00 

May  also  be  regarded  as  C>H'S,C1S. 


By  the  continued  action  of  chlorine,  this  compound  is  decomposed, 
with  formation  of  a  liquid  which  is  yellow  at  first,  but  alternately 
assumes  a  bright  red  colour,  if  the  action  of  the  chlorine  be  continued  to 
the  utmost,  and  in  sunshine.  On  distilling  this  liquid,  the  first  portion 
which  passes  over  below  90°  is  found  to  contain  a  considerable  quantity 
of  chloride  of  sulphur;  but  the  principal  portion,  which  disuls  over 
between  1£»0°  and  160°,  consists  chiefly  of  terchlorinated  methylic  sul- 
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^  phide  (p.  501).     It  appears  then  that  bisulphide  of  methyl,  under  the 

B  inflnenoe  of  chlorine,  splits  up  into  sulphur  which  unites  directlj  with 

s  the  chlorine,  and  monosulphide  of  methyl  which  is  transformed  by  the 

>(  chlorine  in  the  same  manner  as  if  it  were  in  the  free  state.     The  crude 

'-/  product  is  but  very  slowly  altered  by  contact  with  water  or  with  potash. 

fir  \  */ 


•I 


% 


\ 
I 
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Double  Ferrocyanides. 

F.  Rbindbl.     J.  pr.  Chem,  65,  450. 

Ferrocyanide  of  Potassium  and  Ammonium,  —  K*(NH*)Fe*Cv' = 
(K'NH*)Cy*,2FeCy.  —  Obtained  by  the  action  of  ammonia  on  ferri- 
cyanide  of  potassium  in  presence  of  a  reducing  agent. 

K»F^Cy«  +  NH*0  «  K»(NH^)Fc5Cy«  +  O 

When  ammonia  is  poured  upon  a  mixture  of  ferricynnide  of  potas- 
sium and  ^rape-sugar,  (in  the  proportion  of  20  : 1,)  in  a  loosely  stoppered 
bottle,  and  the  liquid  left  to  stand  for  several  days,  with  frequent  shaking, 
its  colour  gradually  becomes  paler,  and  in  eight  or  ten  days  changes  to  a 
pure  yellow.  In  most  cases,  when  large  quantities  arc  taken,  yellow 
crystals  are  soon  deposited.  The  ]>roduct  is  always  the  same,  even  when 
the  ammonia  is  in  excess.  The  pure  solution  of  the  yellow  salt  may  be 
evaporated  to  the  crystallising  point  without  decomposition;  but  the  pre- 
sence of  undecomposed  grape  sugar  and  ammonia,  gives  rise  to  other 
actions  during  the  evaporation;  hence  it  is  best  to  precipitate  the  salt 
from  the  liquid  by  alcohol  and  recrystallise  from  water. —The  alkaline 
ralphitpfl  effect  the  reduction  more  qaickly  than  grape-sugar,  but  are  leas  convenient, 
on  account  of  the  difficulty  of  separating  the  resulting  sulphates. 

Pale  yellow  square  prisms,  which  are  partially  decomposed,  even 
between  80°  and  100°,  and  at  higher  temperatures  give  off  hydrocyanic 
acid  and  cyanide  of  ammonium.  Dissolve  easily  in  cold,  and  still  more 
in  hot  water.  The  solution  behaves  with  metallic  salts,  like  ordinary 
yellow  prussiat^  of  potash.  When  heated  with  a  fixed  alkali,  it  gives 
off  ammonia,  and  yields  a  similar  salt  in  which  the  ammonia  is  replaced 
by  the  alkali-metal  used.  (Reindei.) 

Cryttals.  Reindei. 

3K 117  6  ....  29-28  29-58 

NH*    18-0  ....  4-48  4-65 

2  Fe    560  ....  1394  13-87 

6  Cy    1560  ....  38-85  3877 

6  HO 540  ....  13-45 

K»(NH*)Fe«Cy«. ...  +  6Aq   401-6     ....  10000 

Ferrocyanide  of  Potassium  and  Sodium.  K»NaFe»Cy«  =  (K*Na) 
Cy^,2FeCv.  —  Obtained  by  treating  a  mixture  of  ferricyanide  of  potas- 
sium ancT  grape  sugar  with  caustic  soda,  or  by  boiling  a  solution  of  the 
preceding  salt  with  caustic  soda;  the  product  may  be  purified  by  preci- 
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I 

pitatlon  with  alcohol  and  reerystallisation.  Forms  rliombie  or  nesrlj 
square  priBiiis,  having  a  glassy  lostre;  thej  are  not  elBoresoent^  and  do 
not  give  off  their  water  below  200"".  Dissolve  readilj  in  water,  either 
hot  or  cold.  (Reindel.) 

CryMialt.  Reindel. 

3K  117-6  ....  28-29  28-18                                         . 

Na. 23-0  ....  5-55  5-34                                          { 

2Fe 56-0  ....  13-47  ^.  13-56                                         \ 

6Cy 156-0  ....  37-54  «  37*75 

7  HO   63-0  ....  1515  15*14 


KSNaFeK)j«+7Aq  ....    415-6    ....  100  00    99-97 

When  chlorine  gas  is  passed  through  a  solution  of  this  salt^  chloride 
of  potassium  is  separated  and  a  salt  is  formed,  which  appears  to  be  com- 
posed of  (K*Na)Cj*,Fe*Cy*  +  orAq.  This  and  two  other  salts  derived 
from  it,  vix^  (K>Na«)Cy*,2FeCj  and  (K«NaNH*)Cy*,2FeCy,  aro  reserved 
for  farther  investigation.  (F.  ReindeL) 
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Page  4. 

Ammoniaeal  Gvprotocupric  Cyanide,  —  2NH',2Cu*Cj,CuC3r.  —  When 
an  ammoniaeal  solution  of  hyd rated  cupric  oxide  ie  poured  into  aqueous 
hjdrocyanio  acid,  till  the  odour  of  the  ammonia  becomes  distinctly  pre- 
dominant^  the  clear,  slightly  yellow  solution  then  heated  to  the  boiling 
point,  and  an  additional  quantity  of  the  ammoniaeal  copper^solution 
continually  added,  (while  the  heat  is  still  continued,)  till  the  dark  blue 
colour  becomes  permanent,  micaceous,  crystalline  laminss  make  their 
appearance  after  a  while;  and  the  liquid,  if  then  filtered,  yields,  on  cool- 
i>}g>  green  rectangular  laminso  of  remarkable  lustre;  these,  after  com- 
plete cooling,  ma^  be  purified  by  filtration  and  washing  with  cold  water; 
they  are  then  dried,  first  upon  paper  in  the  air,  and  afterwards  over 
chloride*  of  calcium.  —  When  these  green  crystals  are  immersed  in  a 
mixture  of  equal  volumes  of  moderately  dilute  solutions  of  caustic 
ammonia  and  carbonate  of  ammonia,  and  the  liquid  heated,  they  dissolve 
and  form  a  blue  solution.  On  boiling  this  solution  for  about  an  hour, 
and  then  leaving  it  to  cool,  it  deposits  blue  shining  laminss,  which  may 
be  collected  on  a  filter,  and  completely  pnrified  by  washing  with  cold 
water.  —  During  the  boiling,  the  blue  ammoniaeal  liquid  often  becomes 
turbid,  in  consequence  of  the  separation  of  a  brown  substance,  bnt  it 
may  be  rendered  clear  again  by  auidition  of  ammonia.  (L.  Hilkenkamp, 
Ann.  JPhan^.  97,  218.) 


Blue  erytiah, 

2  NH»  34    ....  12-59 

5  Cu  158     ....  58-52 

3  Cy  78     ....  28-89 


Hilkenkamp. 
...     12-66 
...     58-22 
...     28-73 


Or: 


2NH»,2Ca«Cy,CiiCy 270     ....  lOO'OO    99-61 


2NH»    34-0 

2Cii«Cy 178-4 

CiiCy  67*6 


12-59 
66*07 
21-34 


Hilkenkamp. 
.    66-90 


2700 


100*00 


Green  cryetaU. 

2NH«   34 

5  Cu  158 

3  Cy  78 

2  HO 18 


Hilkenkamp, 

11-80    11-56 

54-87    54-37 

2708     27-30 

6-25 


2NH»,2Cn«Cy,CuCy  +  2Aq    288    ....  100-00 


The  quantity  of  cuprous  cyanide  in  the  green  crystals  was  found  by  analysis  to  be 
60*85  p.  c.  i  the  formnla  requires  61  *97. 
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The  green  oomponnd  is  hydrated,  perfectly  insoluble  in  cold 
and  is  decomposed  by  boiling  with  water,  a  balky  brown  precipitate 
being  then  formed.  When  dry,  it  may  be  heated  to  100°  without  decom- 
position; but  when  heated  to  that  temperature  in  the  moist  state,  it  is 
gradually  decomposed  as  by  boiling  with  water.  It  is  deoompneed  by 
dilate  acids,  leaying  a  white  residue  of  cuprous  cyanide,  {which  di»- 
solves,  with  evolution  of  hydrocyanic  acid,  when  the  liquor  is  heated. 
Solutions  of  caustic  fixed  alkalis,  or  alkaline  carbonates,  change  the 
colour  of  the  ereen  crystals  to  blue,  even  at  ordinary  temperatoies. 
Caustic  fixed  ndkalis  take  up  cuprous  cyanide,  which,  on  boiling,  toma 
brown,  and  is  conyerted  into  cupric  oxide;  in  the  solution  formed  hj 
fixed  alkaline  carbonates,  a  small  portion  of  the  green  compound  is  con- 
yerted into  the  blue  anhydrous  crystals.  This  solution  when  boiled,  like- 
wise yields  a  brown  precipitate,  but  the  supernatant  liquid,  as  it  cools, 
deposits  splendid  blue  lamin»  of  the  anhydrous  salt.  The  green  crystals 
dissolve  in  ammonia  and  carbonate  of  ammonia,  and  partly  separate  out 
unaltered  as  the  liquid  cools,  but  partly  converted  into  the  blue  com- 
pound, especially  after  long  boiling.     (  Vid.  sup,) 

The  blue  compound  behaves  like  the  green  crystals  with  all  reagents, 
excepting  those  which  converted  the  latter  into  the  former.  (Hilkenkamp.) 


Page  43 — 58. 

Platinocyaiiides. 

A.  ScHAFARiK.     Wien.  Ahad,  Ber,  17,  57;  Chem,  Gaz.  1855,  441. 

Protocyanide  of  Platinum,  PtCy.  —  Schafarik  prepares  this  com- 
pound by  heating  platinocyanide  of  ammonium  for  some  time  to  300°  on 
the  sand-bath.  The  yellow  crystals  first  become  pure  white,  but  after> 
wards  again  assume  a  yellow  colour,  give  ofl"  a  light  and  very  pungent 
vapour,  and  ultimately  leave  pseudomorphous  crystals  of  protocyanide  of 
platinum,  which,  when  more  strongly  heated,  smoulder  away  on  access 
of  air,  leaving  spongy  platinum  in  distinct  pseudomorphous  crystals.  — 
Hydroplatinocyanic  acid  boiled  with  nitric  acid  likewise  yields  a  veiy 
pure  protocyanide  of  platinum,  to^retber  with  other  products  not  yet 
examined.  In  the  products  obtained  by  these  two  processes,  and  likewise 
in  that  prepared  by  Knop's  method  (viii,  43),  Schafarik  found  75*24, 
75-59,  7605,  7636,  and  77*18  p.  c.  platinum.  Now  the  formula  PtCy 
requires  79 '^0  p.  c. ;  Schafarik,  however,  regards  the  several  products 
which  he  analysed  as  the  protocyanide  contaminated  with  variable  quan- 
tities of  foreign  matters,  which  could  not  be  removed  by  washing. 

Platinocyanide  of  Ammonium,  NH*PtCy*  +  Aq.  —  Obtained  by  pre- 
cipitating a  solution  of  platinocyanide  of  barium  with  a  mixture  of  cuustio 
ammonia  and  carbonate  of  ammonia;  the  filtrate,  when  slowly  evaporated, 
yields  slender  prisms  of  a  deep  lemon-yellow  colour,  and  exhibiting  a 
splendid  blue  fluorescence  on  the  surface.  These  crysUils,  placed  under 
a  bell-jar  with   caustic    lime   on   which   ammonia  is  dropped,   become 
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white  but  tarbid,  and  diminish  in  weight  by  4  or  5  per  cent,  from  loss  of 
1  At.  water  (not  of  ammonia,  as  supposed  by  Quadrat,  viii,  46.)  The 
white  crystals  recover  their  yellow  colour,  though  slowly,  on  exposure  to 
the  air;  but  if  placed  over  sulphuric  acid,  they  remain  white.  Colourless 
needles  are  likewise  obtained  by  adding  caustic  ammonia  to  a  very  strong 
solution  of  the  salt,  and  evaporating  over  the  water-bath;  these  also, 
when  exposed  to  air,  take  up  water  and  turn  yellow.  (Knop  attributed 
this  change  to  loss  of  water,  but  analysis  shows  that  the  yellow  crystals 
contain  more  water  than  the  white.  Both  the  white  and  the  yellow 
salt  give  off  their  water,  but  not  entirely,  at  100°;  at  150'',  they  part 
with  the  whole,  amounting  for  the  yellow  salt,  to  10*05  (2  At.),  and 

become  milk-white  or  pearly.)  Any  brown  oolour  which  they  may  exhibit  after 
drying,  when  prepared  by  Qaadrat*8  method,  (viii.  46),  ia  due  to  impurities  in  the  ether 
or  alcohol  used  in  the  preparation.  When  the  anhydrous  salt  is  dissolved  in 
absolute  alcohol,  and  the  solution  evaporated  over  sulphuric  acid,  crusts 
of  colourless,  radiating  needles  shoot  out  f^om  the  margin  of  the  vessel,  and 
at  last  coat  the  whole  surface  with  a  network  exhibiting  a  beautiful 
violet  fluorescence;  on  exposure  to  the  air,  they  rapidly  turn  yellow. 
The  yellow  salt  dissolves  in  about  its  own  weight  of  water,  and  a  smaller 
quantity  of  alcohol. 

Anhydroui.  Schafarik. 

NH*  18     ....  10-65 

Ft 99    ....  30-77 

2Cy 52     ....  58-58     58'05     ....     58'88 

NH<Cy,PtCy   ....  169     ....  lOO'OO 

White,  hydraied.  Schafarik. 

NH*   18  ....  10-02 

PU 99  ....  55-62     55-88 

2  Cy  52  ....  29-35 

HO 9  ....       5-01     6-10 

NH^PiCy«  +  Aq 178     ....  100*00 

Yellow.  Schafarik. 

NH*  18  ....      9-63 

Pt  99  ....  52-94     52-22 

2  Cy  52  ....  27-80 

2  HO 18  ....       9-63     1005 

NH^PtCy«  +  2Aq 187     ....  10000 

PlaUnocyanide  of  Potassium,  —  Of  the  several  methods  given  for  the 
preparation  of  Gmelin^s  salt,  Schafarik  regards  that  of  Knop  (viii,  47,  2), 
as  the  most  convenient.  He  finds,  in  accordance  with  the  results  of 
Gm.,  Laurent,  Gerhardt,  and  others,  that  it  has  always  the  composition 
KCy^PtCy,  not  that  assigned  by  Quadrat 

Platinocyanide  of  Sodium,  —  Platinocyanide  of  barium  prepared  by 
Quadrates  method  (viii,  52),  was  dissolved  in  a  little  hot  water,  and  mixed 
with  excess  of  sulphate  of  soda;  10  times  its  volume  of  a  mixture  of 
alcohol  and  ether  was  then  added;  and  the  liquid  filtered  after  standins^ 
for  several  hours.  The  clear  solution,  evaporated,  first  in  the  air  ana 
afterwards  in  vacuo  over  oil  of  vitriol,  was  entirely  converted  into  beau- 
tiful, colourless,  brilliant,  glassy  prisms  of  the  8odium-salt,  about  8  mm. 
long  and  1  mm.  thick. 
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CryitaU.  Schafank. 

Na 23  ....  11-44  11-58 

Pt  99  ....  49*25  48-62 

2  Cy  52  ....  25-88 

3  HO 27  ...  13-43  1385 

NaCy.PtCy-l-SAq 201     ....  10000 

Plaiinoeyanide  of  Barium.  —  Moat    easily  obtained    bj   diseolTing^ 
platinocyanide  of  potassiam  in  tbe  smallest  possible  quantity  of  cold  or 
moderately  warm  water;  adding  1  At.  of  pore  monohydrated  Eulpharie 
add  (23  pts.  acid  to  100  pts.  of  tbe  potassiom  salt),  taking  care  ta  arold 
orerbeating,  whicb  would  separate  protocyanide  of  platinum;  and  after- 
wards adding  10  times  tbe  volume  of  alcobol,  of  sp.  gr.  0*863 :  Uie  addition 
of  a  little  ether  facilitates  tbe  precipitation  of  sulpbate  of  potash.     The 
mixture  is  then  immersed  in  colj  water  for  sereral  boors  to  complete  the 
deposition  of  tbe  sulphate  of  potash;  and  tbe  filtrate  evaporatea  to  one- 
third^  mixed  with  water,  and  saturated  at  tbe  boiling  beat  with  carbonate 
of  baryta.     Tbe  barium-salt  thus  obtained  is  quite  pure,  as  the  traces  of 
potassinm-salt  taken  up  by  tbe  alcobol  remain  in  the  mother-liquor. — 
Quadrat's  method  of  preparing  this  salt   from   tbe  platinocyanide  of 
copper  is  troublesome,   on   account   of  the  difficulty   of   washing   the 
copper-ealt. 

Platinocyanide  of  Strontium,  —  Prepared  by  saturating  platinocyanide 
of  bydro«>n  with  carbonate  of  strontia,  or  by  Quadrat's  method  of  decom- 
posing tne  copi>er-8alt  with  strontia-water.  —  Forms  sometimes  milk- 
white,  sometimes  transparent  crystals,  which,  when  exposed  to  the  air, 
acquire  a  violet  tint  throughout.  The  white  crystals  obtained  by  tbe 
second  method  are  also  surrounded  with  a  crust  of  indistinct  yellow 
crystals,  which,  however,  become  white  when  laid  on  paper  over  night. — 
The  white  or  transparent  crystals,  left  over  sulphuric  acid  for  24  hours, 
acquire  a  splendid  purple-violet  colour,  like  a  solution  of  permanganate 
of  potash,  and  at  tbe  same  time  a  gold-green  metallic  surface-lustre;  by 
exposure  to  tbe  air  for  a  few  days,  they  completely  regain  their  previous 
appearance.  A  solution  of  tbe  salt  swung  round  iu  a  hot  vessel,  likewise 
coats  it  with  a  violet-purple  crust,  having  a  gold-green  lustre:  this  purple 
tint  appears  to  be  due  to  a  peculiar  state  of  hydration.  At  100°,  the  «Ut 
becomes  turbid  throughout,  and  acquires  a  deep  orange  colour,  deeper  than 
that  of  tbe  dry  barium-salt,  the  gold-green  surface-lustre  being  at  the 
same  time  converted  into  azure.  At  160°,  the  salt  becomes  white  and 
anhydrous,  but  is  so  sensitive  to  moisture  that  when  breathed  upon,  it 
immediately  aquires  a  blackish  purple  colour. 

Schafarik 
(mean). 

Sr   44     ....     18-33     18-34 

Pt   99     ....     41-25     40-81 

2  Cy 52     ....     21-67 

5  HO 45     ....     18-75     18*83 

SrCy.PtCy  +  5Aq 240     ....  10000 

Of  tbe  5  At.  water,  7*71  p.  c.  (3  At.)  are  given  off  at  100*. 

Platinocyanide  of  Calcium.  CaGy,PtCy-|-5Aq.  —  Resembles  the 
strontium-H^t^  and  also  gives  off  3  At.  water  at  100  . 
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Plalinocyanide  of  Magnedum,  — Prepared  bj  the  two  methods  given 
ID  viii,  54;  also  by  saturating  cyanide  of  platinum  at  a  boiling  heat  with 
oarbonate  of  magnesia:  the  product  obtained  by  this  last  method  was 
darker  in  colour  than  that  obtained  by  either  of  the  former.  If  the  salt, 
after  being  deprived  of  its  water,  be  dissolved  in  hot  absolute  alcohol,  of 
which  it  requires  a  considerable  quantity,  the  whole  liquid  becomes  filled, 
on  cooling,  with  a  tissue  of  delicate,  white,  satiny,  filamentous  crystals, 
which  soon  turn  yellow  on  exposure  to  the  air,  and  ultimately  contract 
into  crystalline  crusts  of  a  carmine  red  colour  with  golden  lustre.  If  the 
dry  salt  be  dissolved  in  such  a  quantity  of  alcohol  that  uo  crystallisation 
takes  place  on  cooling,  and  the  solution  left  to  evaporate  in  a  shallow 
dish  in  a  warm  dry  atmosphere,  it  yields  thin  rectangular  tables,  or  rather 
lamina,  characteristically  grouped  in  a  fan-like  form,  and  having  a 
lemon-yellow  colour,  with  a  fine  blue  superficial  fluorescence.  These 
lemon-yellow  crystals  are  evidently  iden|(ical  with  the  yellow  masses  into 
which  the  salt  is  converted  between  30°  and  45°  (at  35°,  a<MSordin^  to 
Quadrat,  yiii,  54),  while  the  asbestos-like  needles  are  MgPtOy*+2HO| 
the  same  salt  into  which  the  red-salt  is  converted  at  100°. 

Bed  cryftali,  Scbafarik. 

Mg 12  ....     5-31  '5-79  ....    553  5^36^ 

Pt  99  ....  43-81  43-48  ...43  96  ....43-37 

2  Cv 52  ....  23-01 

2  HO 18...     7-9GJ2,.87  '^'^^Uh'TitS  ^'^^124-93  ^'^Hl^-JA 

6Aq  45  ....  19-9ir'^'     -    18-25 T^  "*"     "  18-48 r*  ^"^   ••*    18-45r** '* 

Of  the  7  At.  water,  5  At.  (water  of  crystallization)  go  off  at  100°  and  the  rest 
at  a  higher  temperature. —  The  determinations  of  platinum  and  magnesium  in  the  above 
analysis  agree  with  the  formula,  but  the  amount  of  water  is  too  small.  On  the  other 
hand,  the  formula  MgPtCy3+  6HO  requires  553  p.  c.  Mg,  45-62  Pt  and  24*89  water 
which  does  not  agree  so  well  with  the  platinum-determinations.  The  formola  with 
7H0  is  most  probably  correct.  —  Quadrat  found  in  his  salt  33*26  p.  c.  of  water,  of 
which  18-69  p.  c.  was  given  ofi'at  lOO^  But  he  gives  the  formula  Mg<^Pt'Cy"  +  8H0  + 
llAq,  which  represents  only  16*70  p.  c.  water,  but  requires  48-34  p.  c.  platinum  or 
about  5  p.  c.  more  than  the  reality.  To  obtain  33  p.  c.  water,  the  formula  should  be 
Mg^Pi'Cyii  •(-  47HO,  which  gives  33'15  p.  c.  water,  but  only  388  p.  c.  platinum,  which 
is  5  p.  c.  too  little.  The  above  quantities  of  platinam  and  magnesium  calculated  for 
the  anhydrous  mU,  give,  as  a  me^n  result,  60*45  p.  c.  Pt  and  7-70  Mg,  agreeing  nearly 
with  the  foi-mula  MgPtCy^  which  requires  60*74  Pt  and  7*36  Mg.  [According  to 
Schafarik*s  calculation,  the  amount  of  magnesium  thus  calculated  for  the  anhydrous  salt 
agrees  with  the  formula  MgPtCy^  but  that  of  the  platinum  is  too  small,  agreeing  more 
nearly  with  Quadrat's  formula  Mg^Pt'Cy^^;  but  in  this  there  is  evidently  an  error;  the 
mere  abstraction  of  the  water  cannot  alter  the  relative  quantities  of  the  magnesium  and 
platinum].  Baumert  has  also  mado  two  analyses  of  the  anhydrous  sdt  prepared 
according  to  Quadrat's  method,  and  found  60-51  and  59-81  p.  c.  Pt  and  7-38  to  7'28  Mg. 
These  results,  joined  with  the  consideration  that  the  salt  is  derived  from  the  barium  •salt, 
BaPtC}^,  sufficiently  determine  its  constitution. 

Plalinocyanide  of  Copper.  CuPtCy*.  —  Produced  whenever  a  solnhle 
platinocyanide  is  mixed  with  the  s  /lutlon  of  a  copper  salt.  Forms  a 
bulky  bluish  or  yellow  green  precipitate,  which  is  completely  deposited 
within  24  hours  from  a  solution  containing  excess  of  the  copper>salt^  bnt 
lemains  for  a  long  time  suspended  in  pure  water,  and  is  very  difficult  to 
wash  on  the  filter.  When  dried,  it  shrinks  together  remarkably,  breaks 
up,  and  is  converted  into  shining,  sharp-edged  fragments,  of  a  deep 
grass-green  or  leek -green  colour,  which  however  yie.d  a  dull  light  green 
powder.     The  salt  retains  moisture  very  obstinately^  not  becoming  com- 
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pletelj  dry  till  heated  to  150*^  or  180^.     When  i^ited  in  close  Teesels,  it 
acquires  a  deeper  green  coloar,  and  then  turns  brown,  with  loss  of  cyaiio- 
gen,  which,  as  it  goes  off,  burns  with  a  beautiful  purple  flame  bordered  with 
yellow.  The  evolved  gas  has  an  extremely  penetrating  and  powerfnl  odonr. 
The  residue  smoulders  away  in  contact  with  air,  leaving  a  black  powder, 
probably  platinum  and  oxide  of  copper.     This  powder,  when  boiled  with 
nitric  acid,  yields  copper  to  the  acid,  and  leaves  spongy  platinum,  bat  it 
is  not  possible  to  extract  all  the  capper  by  this  process.    The  best  method 
of  decomposing  the  salt  for  analysis  is  to  spread  it  in  fine  powder,  and  in 
as  thin  a  layer  as  possible,  on  a  flat  platinum  dish;  let  it  bum,  first  at  a 
gentle  heat;  then  calcine  it  strongly  for  a  considerable  time  in  a  maflle; 
and,  lastly,    fuse  with  bisulphate  of  potash.      A   portion  of   the  salt, 
prepared   with   platinocyanide    of  potassium   which   was    obtained    by 
Quadrat's  method,  and  only  once  recrystallised  (and,  therefore,  according 
to  Quadrat  =  K*Pt*Cy")  gave,  when  thus  treated,  55-98  and  54-09  p.  c. 
platinum,  the   last  determination   agreeing  exactly  with    the   formula 
kPtCy*,  which  requires  54-10,  whereas  the  formula  K*Pt^y"  requires 
only  50 '87.  —  The  salt  suspended  in  water  and  treated  with  chlorine  gas 
is  very  slowly  attacked,  yielding  shining  green  crystals  of  platinidcyanide 
of  copper.     It  is  not  attacked  by  sulphuric  or  by  a  mixture  of  sulphuric 
and  nitric  acids,  even  when  boiled  therewith  for  half  an  hour. 

Platinocyanide  of  Mercury,  —  Platinocyanide  of  potassium  forms  with 
corrosive  sublimate  a  white  precipitate  of  platinocyanide  of  mercury, 
and  with  mercurous  nitrate  a  precipitate,  which  is  white  at  first,  bat  as 
the  quantity  of  mercurous  nitrate  is  increased,  becomes  in  succession 
yellow,  green,  and  blue,  the  blue  salt  consisting  of  platinocyanide  of 
mercury  pltu  mercurous  nitrate.  (Dbbereiner,  viii.  57.)  Rammelsbei^ 
found  the  blue  salt  to  consist  of  5HgPtCy*  -i-  Hg»0,NO»  +  lOAq.  This 
blue  salt  cannot  be  freed  from  mercurous  nitrate  by  washing.  If  it  be 
washed  as  much  as  possible,  then  pulverised,  placed  in  a  thin  layer  on  a 
platinum  dish  covered  with  a  glass  plate,  and  heated  to  200  —  250*^,  it 
gradually  becomes  snow-white,  and  the  glass  plate  is  seen  to  be  coated 
with  small  globules  of  metallic  mercury.  If  these  be  rubbed  off  after 
the  salt  has  become  white,  it  may  then  be  heated  for  any  time  to  the 
same  temperature,  without  giving  off  more  mercury;  above  300°,  it 
becomes  slightly  brown,  but  without  change  of  composition.  When 
slowly  heated  to  redness  in  a  covered  vessel,  it  gives  off  mercury  and 
cyanogen,  and  leaves  yellow  protocyanide  of  platinum,  which,  at  a 
higher  temperature,  gives  off  more  cyanogen  and  turns  black;  and  this 
black  mass  bums  quickly  away  when  expoised  to  the  air,  leaving  spongy 
platinum.  (Schafieirik.) 

WhUe  mU,  Schafarik. 

Hg 100  39-84     38-36     ....     39-72     ....    S9'bb 

Pt 99     ...     39-44 

2C 52     ....     20-72 

HgPtCy' 251     ....  100  00 
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Page  121. 

Action  of  Chlatine  ow  Sulphocyanide  of  Methyh  —  Dry  chlorine  attacks 
snlphocyanide  of  methyl  in  the  cold,  even  under  the  influence  of  mere 
diffused  daylight;  but  the  action  soon  comes  to  an  end.  The  product  is 
a  liquid  having  a  faint  yellow  colour,  together  with  very  beautiful 
colourless  crystals  of  solid  chloride  of  cyanogen.  If  the  yessel  be  then 
exposed  to  direct  sunshine,  the  quantity  of  these  crystals  continually 
increases,  and  a  very  mobile  liquid  (a)  is  finally  obtained,  having  a  fine 
red  colour  arising  from  chloride  of  tulphur,  and  containing  a  large  quan- 
tity of  crystals.  This  liquid  begins  to  boil  at  70°,  but  the  last  portions 
do  not  pass  over  below  200°.  If  the  portion  which  distils  over  below 
85°  or  86°  be  shaken  up  with  potash-ley,  till  the  chloride  of  sulphur  is 
completely  decomposed,  and  the  remaining  liquid  dried  over  fused  chlo- 
ride of  calcium  and  distilled,  a  colourless  aromatic  distillate  is  obtained 
which  boils  at  80°,  and  exhibits  the  composition  of  bichloride  of  carbon 
CH]!l^  (analysis  :  7*99  p.  c.  C  and  92*3  CI).  This  compound  appears  to 
be  a  constant  product  of  the  action  of  chlorine  on  the  sulphuretted  com- 
pounds of  the  methyl  series  (pp.  500° — 504°).  —  The  portion  of  the  liquid 
(a)  which  passes  over  between  140°  and  170°,  shaken  up  with  potash-ley, 
washed  with  pure  water,  then  dried  and  carefully  distilled,  yields  a  very 
mobile  amber>colonred  liquid,  which  boils  between  150°  and  160°,  and 
exhibits  the  composition  and  properties  of  perchlorinated  methylio  sul- 
phide, eel's.  —  [The  formation  of  these  several  products  may  be 
represented  by  the  following  equation  : 

6(C»H",C2NSa)  +  5401  -  2OTTCP  +  9C1S  +  3C»Cl*  +  3CH3PS  +  18HCL] 

(A.  Riche,  N.  Ann,  Chim,  Phys.  43,  295.) 


Page  195. 

Formation  of  Alcohol  from  Olefiant  Gas,  —  A  large  glass  globe,  capable 
of  holding  81  or  32  litres,  was  exhausted  of  air  and  filled  with  olefiant 
gas;  900  grammes  of  pure  and  boiled  sulphuric  acid,  poured  into  it  in 
several  separate  portions;  then  a  few  kilogrammes  of  mercury;  and  the 
whole  submitted  to  violent  and  long  continued  agitation:  the  gas  was 
then  gradually  absorbed.  After  53,000  agitations,  the  absorption  became 
too  slow,  and  the  operation  was  discontinued;  the  quantity  thus  absorbed 
amounted  to  30  litres.  The  acid  was  then  mixed  with  5  or  6  times  its 
yolume  of  distilled  water;  and,  after  repeated  distillation,  and  subsequent 
separation  by  means  of  carbonate  of  potash,  52  grammes  of  hydrated 
alcohol  were  obtained,  containing  45  grammes  of  absolute  alcohol.  This 
weight  corresponds  to  |  of  the  olefiant  gas  absorbed,  the  rest  was  lost  in 
the  several  manipulations. 

The  alcohol  thus  obtained  exhibited  all  the  characters  of  ordinary 
alcohol,  having  a  spirituous  taste  aud  odour,  distilling  without  residue 
at  79°  to  8P,  yielding  olefiant  gas  when  heated  with  oil  of  vitriol,  and 
acetic  ether  when  heated  with  a  mixture  of  acetic  and  sulphuric  aoids. 
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To  obtain  farther  oonfirmation  of  the  reealt,  olefiant  gas  obtained  by 
the  action  of  hydrochloric  acid  and  mercury  on  iodide  of  ethyk»e 
(C*H*P  +  4Hg  =  C*H*  +  2Hg»I),  was  absorbed  by  oil  of  vitriol,  and 
the  Hod  id  saturated  with  carbonate  of  baryta  or  lime;  in  this  manner 
the  sniphovinates  of  baryta  and  lime  were  obtained.  The  baxyta-silt 
distilled  with  a  acetate  of  soda^  yielded  acetic  ether;  with  batyrate  of 
potash^  butyric  ether;  and  with  benzoate  of  potash,  benzoic  ether.  This 
last  product  boiled  at  210*',  and  when  treated  with  potash,  was  resolyed 
into  benzoic  acid  and  alcohol. 

Lafitly,  to  show  that  the  same  results  may  be  obtuned  with  olefiast 
gas  not  originally  derived  from  alcohol,  coal-gas  was  subjected  to  the 
action  of  iodine,  and  the  resulting  iodide  of  ethylene  decomposed  by 
heating  it  with  potash.  The  pure  olefiant  gas  thus  obtained  was  absorbcMl 
by  sulphuric  acid  as  before>  and  by  the  series  of  operations  just  described, 
benzoic  ether  was  obtained,  which,  when  distilled  with  potash,  yielded 
benzoic  acid  and  alcohol.  (Berthelot,  ^,  Jnn,  Chim.  Phys,  43,  385; 
compoi'e  Faraday  and  Hennel,  viii.  416.) 


Page  320. 

Action  of  Heat  upon  Qu  Acetates  of  7n>n.  — •  A  solution  of  pure  ferric 
acetate,  heated  to  100°  for  four  or  fLYe  hours,  becomes  opaline,  appears 
turbid  by  reflected,  though  it  remains  transparent  by  transmitted  li^t» 
and  changes  in  colour  from  that  of  venous  blood  to  brick-»red.  The 
solution  continues  in  this  state  after  standing  for  several  days.  After 
standing  for  25  to  30  hours  (not  consecutive),  it  completely  loses  the 
taste  of  iron^salt,  and  acquires  that  of  vinegar;  when  boiled  in  a  shallow 
open  vessel,  it  gives  off  a  large  quantity  of  acetic  acid,  and  remains 
limpid  for  a  while,  but  in  the  course  of  1^  to  2  hours,  deposits  the  whole 
of  the  iron  in  the  form  of  ferric  hydrate.  The  solution  thus  transformed 
no  longer  exhibits  the  usual  characters  of  ferric  salts;  sulphocyanide  of 
potassium  does  not  heighten  its  tint;  the  ferrocyanide,  like  other  potas- 
sium salts,  forms  in  it  a  brown  ochreous  precipitate,  which  acquires  a 
greenish  tint  by  long  contact.  A  trace  of  sulphuric  acid  or  an  alkaline 
salt  precipitates  all  the  iron  in  the  form  of  a  reddish  brown  deposit, 
which  is  insoluble  in  all  cold  acids,  even  when  concentrated,  is  dissolved 
by  boiling  hydrochloric  acid,  but  is  not  acted  upon  by  nitric  acid. 

When  the  liquid  is  poured  into  hydrochloric  or  nitric  acid,  a  bnck- 
red  granular  precipitate  is  thrown  down,  which  collects  at  the  bottom 
of  the  vessel  and  cakes  together  very  easily.  This  precipitate,  which 
has  no  resemblance  in  its  form  to  ordinary  ferric  hydrate,  may  be  washed 
without  alteration  with  the  strongest  hydrochloric  or  nitric  acid,  and 
even  with  aqua-regia;  but  if  the  mother-liqdor  be  freed  by  one  or  two 
deeantations  with  water  from  the  greater  part  of  the  acid  which  it 
contains,  the  precipitate  disappears  entirely,  and  a  brick-red  opaline 
liqi  id  is  produced,  exactly  like  that  formed  by  the  modified  acetate, 
in  this  manner,  an  indefinite  number  of  precipitations  and  solutions  may 
be  effected  by  the  use  of  hydrochloric  or  nitric  acid;  but  if  any  other 
acid  (except  acetic  acid)  be  substituted,  the  deposit,  when  once  formed, 
does  not  redissolve  in  pure  water.  —  This  substance  is  not  precipitated 
by  ordinary  alcohol,  by  hydrochloric  or  nitric  acid  diluted  with  water, 
by  acetic  acid  of  any  degree  of  concentration,  or  by  the  acetates  of 
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alrnninay  iron,  or  chromium.  To  free  it  from  the  acetic  acid^  which 
dissolved  it  in  the  first  instance,  it  was  precipitated  with  hydrochloric 
acid;  but  it  was  found  impossible  to  separate  the  latter  acid  completely, 
or  to  obtain  a  pure  aqneons  solution  of  the  ferric  compound.  Neverthe- 
less, by  spreading  the  precipitate  upon  a  plate  of  unglazed  porcelain,  the 
mother-liquor  was  almost  entirely  absorbed,  and  the  substance  was 
obtained  m  the  form  of  a  moist  varnish,  very  slightly  acid,  entirely 
soluble  in  pure  water,  and  having  no  appreciable  taste;  when  dried  in 
vacuo,  it  became  insoluble  in  water.  —  The  watery  solution,  when  boiled, 
also  deposits  insoluble  ferric  hydrate;  but  the  precipitation  is  prevented 
by  the  presence  of  acetic  acid. 

The  opaque  appearance  presented  by  the  acetate,  when  modified  by 
heat  and  viewed  by  reflected  light,  appears  to  arise  from  the  formation 
of  a  kind  of  pseudo-solution,  like  that  of  prussian  blue  in  oxalic  acid. 

Hydratea  ferric  oxide,  precipitated  from  the  chloride  by  ammonia  or 
bicarbonate  of  soda,  and  thoroughly  washed,  is  also  modified  by  boiling, 
acquiring  the  brick-red  colour  which  characterises  the  modified  acetate, 
and  becoming  insoluble  in  acids  in  the  cold,  and  altogether  indifferent  in 
its  chemical  relations  as  compared  with  the  ordinary  hydrate.  When 
heated  however  with  acetic  acid,  and  also  with  nitric  ur  hydrochloric 
acid,  it  is  taken  up,  and  forms  a  liquid  which  exhibits  all  the  characters 
of  the  modified  acetate,  being  transparent  by  transmitted,  but  turbid  and 
of  a  brick-red  colour  by  reflected  light.  The  acetic  acid  therefore  is  not 
an  essential  element  of  the  action.  (L.  P6an  de  St.-Gille8,  Compt,  rend. 
40,  568,  and  1243.) 


Page  S39. 
Action  of  Chlorine  on  Sulphide  of  Ethyl, 
A.  RicHE.     N.  Ann.  Chim.  Phys,  43,  297 

1.  Bichlorinated  Ethylic  Sulphide.  —  When  chlorine  is  cautiously 
passed  into  a  vessel  containing  pure  and  dry  sulphide  of  ethyl,  care  being 
taken  to  prevent  rise  of  temperature  and  to  keep  the  vessel  in  the  shade, 
the  gas  rapidly  disappears,  and  hydrochloric  acid  is  disengaged  in  con- 
siderable quantity.  At  first  the  chlorine  must  not  be  passed  directly 
into  the  liquid,  because  the  action  is  very  violent  and  the  liquid  might 
take  fire;  but  afterwards  the  rapidity  of  the  action  diminishes,  and  the 
gas-delivery  tube  may  be  allowed  to  dip  below  the  surface.  If  the 
quantity  operated  on  be  from  12  to  15  grammes,  the  action  is  complete 
in  four  nours. 

To  puriihr  the  product  from  dissolved  chlorine  and  hydrochloric  acid, 
it  is  heatea  to  15"*  or  80^,  and  a  rapid  current  of  carbonic  acid  gas 
passed  through  it.  There  is  then  obtained  a  yellowish  liquid,  heavier 
than  water,  which  begins  to  boil  at  1 50°;  the  greater  portion,  however, 
passes  over  between  163°  and  173°,  and  the  boiling  point  then  rises  to 
230°;  but  the  liquid  no  longer  distils  over  unaltered,  part  of  it  being 
decomposed,  hydrochloric  acid  being  evolved,  and  a  carbonaceous  residue 
remaining  in  the  retort. 

The  liquid  which  passes  over  between  163°  and  173°  is  redistilled, 
the  greater  part  then  passing  over  between  167°  and  172°;  and  this 
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portion,  when  Again  rectified,  forms  a  light  yellow  liooid  of  sp.  gr.  1  '547 
at  12*^,  and  having  a  strong  and  disagreeahle  odonr.  An  alooholie 
solution  of  potash  or  monosulpbide  of  potassium  deeomposee  ii^  ^▼™S 
rise  to  viscid^  fetid  products  not  yet  examined. 

Ricbe. 

4C 24-0    ....     21-W     21-27 

3  H    8-0    ....      2H»4    5-01 

2  CI   70-8    ....     62-27 

S 16-0     ....     1400 

C*H»CPS 113-8    ....  100-00 

2.  TerehlorinaUd  Eikylic  Sulphide. — If  the  Teasel  oontainin/2r  the 
sulphide  of  ethyl  he  left  at  the  temperature  of  the  air,  instead  of  being 
cooled,  and  the  passage  of  the  chlorine  be  continued  by  diffused  dajligiii 
as  long  as  it  is  absorbed,  a  liquid  is  obtained  which  is  blackiah  at  fir^ 
but  ultimately  acquires  a  deep  yellow  colour.  It  is  freed  from  chlorivie 
and  hydrochloric  acid  by  a  stream  of  carbonic  acid,  and  then  fractionally 
distilled.  The  temperature  rises  rapidly  to  185^,  and  a  distillate  is  first 
obtained  which  boils  between  185°  and  200°,  and  when  carefully  re- 
distilled, assumes  a  decided  yellow  tint,  and  boils  almost  entirely  between 
189°  and  192°. 

Riehe. 

4C 24-0     ....     16-19     15-37 

2H     20     ....       1-35    1-35 

3  CI    106-2    ....     71-66    72-40 

8 16-0    ....     10-80 ^^ 

C*H«C1>S   148-2    ....  100-00 

3.  Tetrachlorinated  Ethylic  StUphide,  —  After  the  terchlorinated  ecan- 
pound,  which  is  the  chief  product  of  the  preceding  reaction,  has  dbtiUed 
over,  the  boiling  point  rises  to  240°,  and  a  second  distillate  is  then 
obtained,  not  however  without  decomposition  and  the  evolution  of  a  con- 
siderable quantity  of  hydochloric  acid.  When  this  product  is  earefulfy- 
fractionated,  the  greater  part  is  found  to  boil  at  about  220°;  and  on 
once  more  redistilling  this  portion  pnd  collecting  apart  that  which  passes 
over  between  217°  and  220°,  a  liquid  is  obtained,  having  nearly  the 
composition  of  the  tetrachlorinated  sulphide.  —  This  product  is  however 
obtained  more  easily  and  in  greater  quantity,  by  passing  chlorine  in 
large  excess  and  for  a  long  time,  through  sulphide  of  euyl  heated  to 

a  temperature  between  60°  and  80°. 

Riche. 

4C 24-0     ....     13-14     12-89 

H 10     ....      0-55     0-81 

4  CI 141-6     ....     77-55     77-20 

S 16-0    ....       8-76 

C^HCi^S 182-6     ....  100-00 

The  action  of  chlorine  in  diffused  daylight  does  not  yield  any  product 
containing  a  larger  proportion  of  chlorine  than  the  tetrachlorinated 
sulphide;  but  if  the  liquid  be  exposed  for  a  considerable  time  to  the 
sun,  and  the  stream  of  chlorine  kept  up,  that  gas  is  again  absorbed  and 
hydrochloric  acid  evolved  in  abundance.  By  continuing  this  action  as 
long  as  the  atmosphere  of  chlorine  in  the  vessel  continues  to  lose 
colour,  a  light  yellow  liquid  is  obtained,  which  deposits  very  well  defined 
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white  crystals,  soluble  in  boiling  alcohol,  and  beginning  to  boil  at  180^.  — 
On  distilling  the  liquid  which  has  yielded  these  crystals,  after  having 
passed  carbonic  acid  through  it^  it  begins  to  boil  at  175°;  and  if  the 
product  which  passes  over  up  to  185°  be  collected  apart,  it  solidifies  on 
cooling.  —  From  1 85°  to  about  200°,  there  passes  over  a  second  product, 
which  remains  liquid  and  has  a  deep  yellow  colour;  and  at  200°,  nothing 
remains  in  the  retort,  there  being  no  carbonaceous  residue  in  this  case. 

The  crystals  which  boiled  at  180°,  exhibited  the  composition  of 
eesquichloride  of  carbon,  C^Cl^  yielding  by  analysis  9*7  p.  c.  C,  and 
88*2  CI,  whereas  the  formula  requires  10  C  and  90  CI.  —  The  other 
crystalline  product  doubtless  consisted  of  perohlorinated  ethylic  sulphide, 
CH]I1%,  being  homologous  with  the  compound  Gael's  (vii.  355),  formed 
under  similar  circumstances  from  sulphide  of  methyl;  but  the  analysis 
was  prevented  by  an  accident.  (Riche.) 


Page  378. 

Preparation  of  Chlmide  of  Ethylene,  —  A  tubulated  retort  is  half  filled 
with  a  mixture  of  2  pts.  peroxide  of  manganese,  3  pts.  common  salt» 
4  pts.  water,  and  5  pts.  oil  of  vitriol,  and  loosely  connected  with  a  flask, 
to  serve  as  a  receiver,  defiant  gas  is  then  passed  into  the  mixture  by 
means  of  a  tube  passing  through  the  cork  of  the  tubulure  and  dipping 
half  an  inch  below  the  surface  of  the  liquid.  So  long  as  the  gas  is 
passing  through  the  mixture,  the  retort  must  be  only  very  gently  heated, 
—  as  by  placing  a  single  red-hot  coal  under  it,  —  and  the  resulting 
chloride  of  ethylene  afterwards  distilled  ofi*  at  a  higher  temperature.  If 
this  precaution  be  attended  to,  the  operator  will  not  be  annoyed  by 
escape  of  chlorine.  —  Coal-gas^  if  at  hand,  may  be  used  as  the  source  of 
the  ethylene;  if  not  the  gas  may  be  prepared  from  alcohol  by  Wbhler's 
method  (ix.  517.)  The  crude  product  thus  obtained  in  an  hour  and 
a  half  from  2  ounces  of  alcohol,  yielded  1  ounce  of  pure  chloride  of 
ethylene.  (H.  Limpricht,  jlnn.  Fkarm.  94,  243;  Chem.  Soc.  Qu.  J,  8, 157.) 


Pages  222  and  415. 


Action  of  SutpkurU  Acid  upon  Alcohol.      CotutUution  of  Sulphotnnic 

Acid. 

C,  Blondbau.    I^.  J.  Phamu  28,  5. 

Sulphoviuio  acid  is  usually  represented  by  the  formuU  C*H«0«,2S0*, 

or  C*HK),H0,2S0»,  or  ^^  \  2S0*.     Oay-Lussao,  however  (viii.  417), 

regarded  it  as  containing,  not  sulphuric,  but  hyposulphuric  acid,  sup- 
posing that,  in  its  formation,  1  At.  oxygen  from  2  At.  sulphuric  acid 
combined  with  1  At.  hydrogen  to  form  water.  This  view  of  the  consti- 
tution of  sulphovinic  acid  is  in  accordance  with  the  solubility  of  its  salts, 
and  with  its  proneness  to  decompose  and  give  off  sulphurous  acid  when 

2  !<  2 
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heated.  Omolin  {lac.  ctj.)  objects  to  tbjs  tiow, —  tbat,  whereas  byposol- 
phuric  acid,  both  in  tbe  free  state  and  in  its  salts,  is  in  many  reactiooi 
resolved  into  sulphurous  and  sulphuric  acid,  sulpbovinic  acid,  under  tke 
same  circumstances,  yields  sulphuric  acid  and  alcohol.  Blondean,  however, 
finds  that  sulphovinate  of  lead,  calcined  with  hydrate  of  potash,  yiel^ 
sulphate  and  sulphite  of  potash  in  equal  numbers  of  atoms,  joat  as 
isethionate  of  potash  does  when  similarly  treated.  Now  anlphate  of 
potash,  as  found  by  Liebig  and  Berzelins,  is  not  reduced  to  snlpfaite  bj 
Ignition  with  any  organic  substance  (yiii.  219).  Blondean,  therefor^ 
adopts  Gay-Lussac's  view  of  the  constitution  of  sulpbovinic  acid,  regaidimr 
It  as  OH''(S*0')0',H0,  that  is  to  say,  as  alcohol  in  which  1  At.  H  k 
replaced  by  hyposulphuric  acid. 

The  formation  of  sulpbovinic  acid  by  the  action  of  sulpharic  add 
upon  alcohol  may  then  be  represented  by  the  equation: 

C*H«0«  +  HO,Sa*  =  C«H*(S>0*)(y,HO  +  HO 

According  to  Blondeau,  this  change  takes  place  only  between  the  tem- 
peratures of  Ids*' and  140°;  below  135°,  nothing  is  formed  bat  an  instable 
compound  of  the  acid  with  the  alcohol,  and  the  mixture,  if  distilled, 
yields  nothing  but  alcohol  and  water;  above  140°,  the  sulphovinic  add 
IS  resolved  into  ether'  and  hydrated  sulpharic  acid,  according  to  tbe 
equation: 

C^H»(S«0«)08,H0  -  C*H»0  +  HO,SO». 

When  vapour  of  alcohol  Is  passed  into  a  mixture  of  2  pts.  oil  of 
vitriol  and  1  pt.  water,  which  boils  at  1 40°,  no  formation  of  sulphovinic 
acid  takes  place,  the  alcohol- vapour  passing  through  the  boiling  mixture 
quite  unaltered;  but  if  the  tube  which  conveys  the  alcobol-vaponr  be 
removed,  10  grms.  of  sulphovinate  of  potash  introduced  into  the  retort, 
and  tbe  boiling  continued,  2  grms.  of  ether  condense  in  the  receiver,  a 
quantity  corresponding  exactly  with  that  of  the  sulphovinate  introdoced. 
(Dlondeau.) 

[Robiauet  {N,  J,  Pharm.  26,  161)  takes  a  different  view  of  tbe 
process  ot  etherificatiun.  Regarding  ether  as  alcohol  +  ethylene,  be 
supposes  tbe  action  of  sulphuric  acid  upon  alcohol  to  consist  of  two  stages: 

1.  Oil  of  vitriol  mixed  with  alcohol,  at  ordinary  tempercUurfs,  forms  water 
and  sulphate  of  carbyl: 

C*H»0«  +  4(HO.SO»)  -  C<H*,SO»  +  6HO 

2.  Tbe  water  and  sulphate  of  carbyl  acting  at  higher  temperaitireSf  on  a 
second  atom  of  alcohol,  produce  ether  and  hydrated  sulpharic  add,  a 
portion  of  the  water  formed  in  the  first  stage  being  at  the  same  time 
set  free: 

6h«0»  +  C^H^SO"  +  6H0  =  C«HWO«  +  4(HO,SO»)  +  2HO. 

There  is,  however,  no  proof  that  oil  of  vitriol,  mixed  with  alcohol  at 
ordinary  temperatures,  forms  sulphate  of  carbyl.] 

Svlphovinales,  —  These  salts  are  generally  supposed  to  give  off  all 
their  water  when  dried  in  vacuo  over  oil  of  vitriol  (viii.  421—  426);  their 
composition,  when  thus  dried,  being  represented  by  the  general  formula: 
C*H*M0»,2S0»,  or  C*H»0,M0,2S0».  According  to  Blondeau's  experi- 
mcnts,  however,  they  retain,  even  at  100°,  1  At.  HO  more  than  is  denoted 
by  that  formula:  their  true  formula,  when  dried  at  that  temperature,  being 
C*HW,M0,2S0»,>.'  rather,  C*H*(SW)0»,MO,HO;  and  this kst  atom  of 
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water  (in  the  case  of  the  lead-salt  at  least),  is  given  off  at  150°  without 
further  decomposition.  This  statement  is  confirmed  by  the  following 
analyses  of  the  lead,  barium,  and  calcium  salts.  To  prepare  these  salts, 
2  pts.  of  alcohol  of  85  p.  c.  were  mixed  with  3  pts.  of  oil  of  vitriol, 
whereby  a  liquid  was  obtained  which  boiled  at  140'',  and  gave  off  at  that 
temperature  a  considerable  quantity  of  ether.  The  liquid  was  removed 
from  the  fire,  after  boiling  for  a  few  seconds,  then  saturated  with  carbonate 
of  lead,  &o.,  and  left  to  orystalliBe  by  cooling. 


4  C 

Baryta-ealt  driec 

\  at  100^ 
240    .... 
6-0    .... 
16-0     .... 
80-0     .... 
76-6     .... 

11-85     ... 

2-96     ... 

7-90     ... 
39-50     ... 
37-79     .. 

BloDdeau, 
11-29 

6  H 

2-90 

2  O 

8-80 

2  S0». 

39-39 

BaO 

37-62 

C*H«(S?0«)0»,BaO,HO 

Lime^talt  dried  t 
4  C 

202-6     ....  10000     .. 

it  100"  til  vacuo, 
..     24        .     15-58     .. 
6     ....       3-89     .. 
..     16     ....     10-38     .. 
..     80     ....     5190     .. 
..     28     ....     18-25     .. 

10000 

Blondeau. 
15-41 

6  H    . 

' 

3-92 

2  0.. 

1114 

2  SO" 

51-47 

CaO 

18-06 

C^H*(S»0*)0»,C*0,HO 

Lead-salt  dried  c 
4C 

154     .... 
\t  100«. 

1.          ^'S          .... 

6     .... 
16 
..     80     .... 
.   112     .... 

10000     .. 

1010     ... 

2-52     ... 

6-74     ... 
33-68     ... 
46-96     ... 

100-00 

Blondeau. 
1008 

6  U    . 

2-39 

2  O    .. 

6-73 

2  SO" 

33-65 

PbO 

47-15 

C*H*(S»O*)0«,PbO,HO      238    ....  lOOOO    10000 

This  salt,  heated  to  150°  in  a  dry  vacuum  for  about  two  hours, 
gives  off  3  p.  c  (1  At.)  water,  leavmg  the  anhydrous  sulphovinate 
C*IP(SH)»)0*,PbO.  (Blondeau.) 

Stable  StdphavinaUs.  {Parathionatet.)  —  Berthelot  {N.  Ann.  Ohim.  Pkys, 
43,  391),  by  saturating  with  carbonate  of  baryta  or  lime,  the  sulphuric 
acid  which  nad  absorbed  a  quantity  of  defiant  gas  (p.  511),  has  obtained 
stable  Bulphovinates  similar  to  the  /3-sulphomethylates  described  by 
Church  (p.  496.)  The  baryta-salt  thus  formed,  yielded  by  analysis  55  p.  c. 
sulphate  of  baryta,  103  C,  33  H  (total),  and  9*5  water  of  crystallisation, 
numbers  which  agree  nearly  with  the  formula  C*H'BaO',2SO'+2Aq  (cal- 
culation: 551  BaSO*,  11-3  C,  3  3  H  (total),  and  8  5  water  of  crystal- 
lisation). This  salt  gives  off  its  water  in  vacuo  without  becoming  acid; 
its  solution  may  be  evaporated  to  dryness  without  decomposing.  —  The 
lime-salt  is  similar  in  properties  and  composition;  it  gave  by  analysis 
41-8  CaSO*,  and  120  Aq;  the  formula  C*H»C»0»,2SO»-h2Aa,  requiring 
41*7  CaSO*  and  11*0  Aq.  This  lime-salt  was  obtained :  1.  With  olefiant 
gas  and  common  sulphuric  acid ;  2.  From  the  stable  baryta-salt;  3.  From 
the  ordinary  sulphovinate  of  lime,  by  repeated  solution  in  water  and 
ebullition.  This  is  the  process  by  which  Gerhardt  obtained  the  stable 
sulphovinate  (parathionate)  of  baryta;  it  yielded,  however,  only  traces 
of  the  corresponding  lime-salt;  4.  With  a  mixture  of  3  or  4  vol.  oil  of 
vitriol  and  1  vol.  alcohol,  which  had  giyen  off  nearly  all  its  olefiant  ga& 


518  ADDITIONS  TO  VOL.  VIII. 

This  is  tbe  process  bj  which  Regnault  (riii.  431)  olytaiaed  the  althionatsE. 
Berthelot,  however,  by  repeated  fractional  ciystallisation  of  the  baryta- 
salt  poshed  to  the  limit  of  complete  eyaporatioiiy  obtained  nothiiig'  bvt 
the  stable  salphovinate,  agreeing  with  the  ordinary  snlphoyinate  in  its 
form,  and  in  tne  property  of  yielding  benzoic  ether  when  distilled  with 
alcohol  and  benzoic  acid. 


Page  428. 

Action  of  Stdphuric  Acid  upon  Ether, 

Blondbau.    i\r.  J.  Pharm*  28,  99. 

The  action  of  sulphuric  acid  upon  ether  is  analogous  to  that  which  it 
exerts  upon  alcohol.  Tbe  two  bodies  first  enter  into  combination;  thee 
at  150%  decomposition  takes  place,  and  sulphetherio  or  isethionic  acid 
OH*(S*0*)0  is  formed;  and  lastly,  at  160°,  this  compound  is  resolved 
into  olefiant  gas  and  hydrated  sulphuric  acid« 

Tribasic  Sttlphate  of  Ether,  —  When  oil  of  yitriol  is  poured  by  degrees 
into  ether,  considerable  rise  of  temperature  takes  place,  and  an  oily  liquid 
is  formed,  in  which  the  properties  of  the  acid  are  so  far  neutralised  that 
chalk  may  be  added  to  it  without  causing  any  evolution  of  carbonic 
acid.  To  ensure  complete  saturation,  a  slight  excess  of  ether  is  added, 
which  floats  on  the  surface  of  the  oily  liquid,  the  density  of  the  latter 
being  1*022.  The  compound  is  decomposed  by  water,  the  ether  sepa- 
rating out, 

Blondeaa. 

3  C*H«0 Ill     ....     73-51 

80»  40    ....     26-4«    26-23 

3C<H*O.SO»    151     ...  10000 

The  gulphuric  acid  was  determined  by  deoomposin^  the  oompoand  with  water, 
decanting  the  ether,  and  precipitating  with  chloride  of  barium. 

The  compound,  when  heated,  beffins  to  boil  at  45^,  and  gires  off 
ether;  but  as  the  temperature  rises,  the  affinity  of  the  ether  for  the  acid 
increases,  and  the  boiling  point  soon  rises  to  150°;  at  160°,  the  evolution 
of  ether  ceases.  The  quantity  evolved  amounts  to  f  of  that  which  is 
contained  in  the  compound,  so  that  there  remains  a  monobasic  sulphate 
of  ether  C*HK),SO*  [identical,  or  at  least  isomeric,  with  Wetherill's 
compound  (viii.  413).] 

Svlphdheric  w  Isethionie  acid.  C*H*(S»0')0.  —  Formed  when  ike 
mixture  of  sulphuric  acid  and  ether  is  heated  to  150'' — 160°  1  At  H 
from  the  ether  then  combining  with  1  At.  0  of  the  sulphuric  acid,  and 
reducing  it  to  hyposulphuric  acid,  which  then  takes  the  pkce  of 
hydrogen  removed: 

C*H»0  +  2SO»  =  C<H^S20«)0  +  HO 

At  160°,  olefiant  gas  begins  to  escape;  and  if  at  the  moment  when  this 
phenomenon  is  observed  to  commence,  the  liquid  be  removed  from  the 
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fire  and  satoiftted  ^iih  a  carbonate,  a  solable  Bulphetherate  ia  obtained 
which  may  be  crystallised.  The  lead-salt  thos  prepared  may  be  decom- 
posed by  sulphnretted  hydrogen,  and  yields  the  acid  in  the  form  of  a 
colourless  liquid,  which  may  be  evaporated  to  a  syrup,  but  does  not 
crystallise,  it  has  a  very  sour  taste,  and  is  much  more  stable  than  sul- 
phovinic  acid,  undergoing  no  change  when  introduced  into  a  mixture 
of  sulphuric  acid  and  water  which  boils  at  150^  Above  160°,  it  is 
decomposed,  defiant  gas  being  evolved,  and  hydrated  sulphuric  acid 
reproduced: 

C<H*(S»0»)0  +  2HO  -  C^H*  +2(HO,SO») 

The  production  of  defiant  gas  by  heating  a  mixture  of  oil  of  vitriol  and 
alcohol  or  ether  to  160°  or  upwards,  takes  place,  therefore,  in  a  manner 
precisely  similar  to  that  of  the  formation  of  ether  from  alcohol. 

The  Sulphetheratei  or  ItHkionaUi  dried  at  1 00°  are  isomeric  with  the 
sulphovinates  dried  at  150°,  their  formula  being  OH'M0^2S0^  or  rather 
OH«(S'O)0,M0,H0.  They  are  lees  stable  than  the  sulphovinates,  and 
dissolve  more  readily  in  water.  Heated  to  200°,  in  contact  with  hydrate 
of  lime,  they  ffive  off  ether,  whereas  the  sulphovinates  give  off  alcohol. 
The  potash-salt  fused  with  hydrate  of  potash,  yields  sulphite  and  sul- 
phate of  potash  in  equal  numbers  of  atoms,  which  could  not  be  the  case 
if  the  rational  formula  of  the  salt  were  (>H<^0,K0,2S0<  (p.  516);  for 
sulphate  of  potash  is  not  reduced  to  sulphite  by  ignition  with  organic 
matter  (viii.  429).  100  pts.  of  the  potashnsalt  fused  with  100  pts.  hydrate 
of  potash,  yield  a  product,  which,  when  neutralised  with  hydrochloric  acid 
and  precipitated  by  chloride  of  barium,  yields  a  quantity  of  sulphate  of 
baryta  corresponding  to  52*60  pts.  sulphate  of  potash,  which  is  just  half 
the  quantity  that  should  have  been  obtained  if  all  the  sulphur  had  been 
in  the  state  of  sulphuric  acid. 

StUpheiherate  of  Lead.  — Obtained  by  heating  the  oily  compound  of 
sulphuric  acid  and  ether  (p.  518),  till  it  begins  to  give  off  defiant  gas; 
removing  the  liquid  from  the  fire  after  the  eouUition  has  continued  for  a 
while;  and  saturating  it  when  cold  with  carbonate  of  lead.  The  filtrate 
concentrated  at  a  gentle  heat,  yields  the  lead-salt  in  transparent  needles, 
which  at  100°,  give  off  their  water  of  crystallisation,  and  become 
opaque. 

Dried  at  100^  Blondeau. 

4  C 24  ....  10-48  10-46 

5  H    5  ....  2-18  2-28 

O    8  ....  8-49  S-45 

2SO» 80    ....    34-94     35*30 

PbO   112     ....     48-91     48-51 

C<H*(S»0»)0,PbO,HO....  229    ....  100-00    100-00 

If  the  salt  thus  dried  at  100°  be  afterwards  heated  to  160°  for  an 
hour,  it  gives  off  4  p.  e.  (I  At.)  water,  without  further  decomposition,  and 
is  reduced  to  C*H*(SW)0,PbO. 

Svlphdheraie  of  Baryta.  *->  Prepared  in  a  similar  manner.  The  solu- 
tion evaporated  to  a  8yrupy  consistence,  deposits,  after  a  while,  regular 
semi-transparent  crystals.  The  solution  decomposed  by  sulphuric  acid, 
yields  salphetheric  aokL 
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Dried  ai  100*.  raondeaa. 

4  C 24-0  ....  12-45  12-45 

5  H    5-0  ....  2-58  2-31 

O    8-0  ....  4-13  4-56 

2SO> 800  ....  41-34  41-29 

BaO    76-6  .  .  3a-50  39*39 


C*H*(S«0*)0,BaO,HO    193-6  ....  10000  10000 

Sulphetkerate  of  Lime.  — Prepared  like  the  preoediDg. 

Dried  at  100"*.  Blondeao. 

4  C 24  ....     16-55  1619 

5  H    5  ....       3-46  3-58 

O    8  ....       5-52 

2  SO» 80  ....     15-17  

CaO    28  ....     19-30  19*15 


C*H*(S80*)0,BaO,HO....  145     ....  10000 

Bertlielot  {N.  Ann.  Okim,  Phys.  43,  397,)  finds  that  snlphetheric,  or 
an  analogous  acid,  is  produced  in  the  action  of  anhydrous  or  of  faming 
sulphuric  acid  upon  olefiant  gas,  ether,  and  alcohol,  and  likewise,  thoagh 
in  small  quantity,  in  the  action  of  ordinary  sulphuric  acid  on  olefiant 
gas  and  on  alcohol.  —  Sulphovinio  acid  is  not  converted  into  snlphetherio 
acid  by  the  action  of  fuming  sulphuric  acid.  The  sulphetherates  do  not 
reproduce  alcohol  or  the  compound  ethers,  such  as  benzoic  ether,  ander 
the  same  circumstances  as  the  sulphoyinates. 


Page  490. 

Sulphocyanide  of  Ethylene.   C*H*,2CyS*. 

H.  L.  Bupp.     Ann.  Fharm.  96,  302. 

F.  L.  SoNNBNBCHBiN.     J.  pr.  Ckem.  65,  257. 

Obtained  by  the  action  of  sulphocyanide  of  potassium  on  chloride  of 
ethylene  (Bufli,  Sonuenschein) : 

C*H*CP  +  2KCj&  =  C^H^2CyS«  +  2KC1. 

Soluble  to  a  oertain  extent  in  boiling  water,  and  separates  from  the 
solution  on  cooling  in  small  needles  arranged  in  stellate  groups.  Dis- 
solves readily  in  warm  alcohol,  and  the  solution,  when  cooled  or  evapo- 
rated, deposits  the  compound  in  large,  beautiful,  white,  hiehly  lustrous 
rhombic  prisms.  (Buff.)  Has  a  peculiar  odour  intermediate  Between  that 
of  horse-radish  and  of  asafcBtida,  and  a  pungent  taste,  producing  a  burn- 
ing sensatien  in  the  throat.  At  90°,  it  melts  into  a  colourless  oil,  which 
is  heavier  than  water,  and  on  cooling  solidifies  in  a  beautiful  radiate 
mass,  which  has  a  shining  &tty  appearance.  By  careful  heating  in  the 
oil-bath,  a  small  portion  may  be  snblimed;  but  the  greater  part  is  car- 
bonised, with  evolution  of  hydrocyanic  acid,  and  ammoniacal  and  otber 
products  (Sonnenschein);  it  gives  off  at  the  same  time  an  odour  like  that 
of  burnt  onions.     With  vapour  of  water,  it  appears  to  volatilise  without 
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deoomposition;  the  yapour  attacks  the  eyee  and  excites  yiolent  sneezing. 
(Baff.)  The  alcoholic  solution  does  not  finve  the  characteristic  reactions 
of  the  sulphocyanides  with  ferric  salts.  It  is  decomposed  hy  potash,  the 
liquid  immediately  acquiring  a  different  odour  and  the  reactions  of  a  sul- 
phocjanide,  and  depositing  carbonate  of  potash.  Ammonia  does  not 
immediately  destroy  the  odour,  but  soon  causes  a  white  turbidity,  and  in 
the  course  of  a  few  days,  produces  a  flocculent  precipitate;  the  solution 
then  contains  sulphocyanide  of  ammonium.  Boiled  for  a  while  with 
baryta-water,  it  deposits  carbonate  of  baryta  and  forms  sulphocyanide  of 
banum.  —  Recently  precipitated  lead-oxide  is  blackened  by  boiling  with 
this  compound,  and  the  liquid  is  afterwards  reddened  by  sesqnichloride 
of  iron;  potash  accelerates  the  blackening.  Acids  added  to  the  liquid 
do  not  separate  pseudosulphocyanogen.  The  alcoholic  solution  forms  a 
white  precipitate  in  a  solution  of  mercuric  chloride.  (Sonnenschein.)  -— 
Sulphocyanide  of  ethylene  boiled  with  baryta- water  and  lead-oxide  or 
mercuric  oxide,  giyes  up  sulphur;  when  mercuric  oxide  is  present,  there  is 
formed,  besides  sulphide  of  mercury  and  carbonate  of  baryta,  a  sparingly 
soluble  substance  containing  mercury.  —  With  ammonia.,  snlphocjranicte 
of  ethylene  forms  a  substance  which  dissolyes  easily  in  water,  and  yields 
sulphur  to  oxide  of  mercury.  In  this  case  also  the  desulphuretted  pro- 
duct combines  with  the  mercury.  (Buff.) 

Sulphocyanide  of  ethylene  dissolves  in  chloride  of  ethylene.  (Son- 
nenschein.) 

The  alcoholic  solution  of  chloride  of  acetyl,  C^H*C1,  forms  with  snl- 
phocyanide  of  potassium  a  body  which  has  a  mustard-like  odour.  (Son- 
nenschein.) 
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Page  19. 

Acetone  wiik  Buulpkiis  of  Soda*  —  Pare  aoetone  shaken  up  with  a 
conoentmted  solntion  of  bisulphite  of  soda,  dissolres  with  eonsiderable 
•TolotioQ  of  heat,  and  the  solution  on  eooling  yields  laminie  of  solphiio 
9i  aoetone  and  sodium.  This  ooilipound  dissolves  readilj  in  water,  leas 
xeadilj  in  alcohoL  When  heated  alone,  it  gives  off  empjrreamatio  pro* 
duets.  Distilled  with  a  solution  of  earbonate  of  potarii,  it  yields  pafe 
aoetonei  (H.  Limprioht,  Ann.  Pharm.  93,  888.) 


(SC 

36 

....    22-2 
....      4-3 
....     14-8 
....     191 
....    39-6 

limpricfat. 
21*3 

7  H    

7 

4-1 

3  O 

NaO 

2SO« 

24 

31 

64 

...  ....      10  # 

19-2 

39-7 

NaO.C«HH)2,2SO»  +  A 

XI 162 

....  100-0 

100-0 

If  aoetone  be  rq;arded  as  aldehyde  in  which  1  Ai»  H  in  the  radical  othf  1,  is  replaoed 
by  methyl,  ao  that  ita  formnlaia  ^^H^^')OS  )     ^^  ^  snlphite  of  acetone  and 

iodinm  may  be  represented  by  the  formnla  ^**^*(^^')^HsH)*  +  2iLq. 

Acetone  with  Bisulphite  of  Potash,  —  Prepared  like  the  sodium-corn-' 
pounds  which  it  resembles  in  all  its  properties.  (Limpricht.) 

Limpricht. 

KO 47-2     ....    27-90    27*21 

C«H«0*    58-0    ....     34-28 

2  SO» 64-0    ....    37-82 

C^H«(C«H»)0»|g,Q4  ^  2^^ jg5.2  j^Q.Q^j 

When  acetone  is  mixed  with  a  very  strong  aqueous  solution  of  insul- 
phUe  of  ammoniay  it  dissolves,  with  suflGicient  evolution  of  heat  to  make  the 
mixture  boil.  —  The  solution  does  not,  however,  deposit  any  crystals,  but, 
when  evaporated,  leaves  the  compound  in  the  solid  form,  but  still  mixed 
with  bisulphite  of  ammonia.  The  compound  distilled  with  excess  of  lime 
yields  ammonia,  together  with  a  volatile  inflammable  base.  [Compare  iz.  56.] 
(Limpricht.) 
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Page  79. 

Stibethyl. 

W.  Merck.    J.  pr.  Chem.  66,  S6. 

Lbwig  and  Schweizer,  wbo  discovered  fitibetfayl  (ix.  79)  conclude 
from  their  analyses,  that  it  combines  with  2  atoms  of  0,  CI,  I,  Ac,  so  that 
the  formnlsd  of  the  oxide,  chloride,  &o.  are  SbAe',0';  SbAe'jCl*,  &c. 
Similar  formulse  hare  also  been  assigned  to  the  compounds  of  stibemethyl 
(vii.  322),  and  arsentriethyl  (ix.  74).  It  is  possible,  however,  that  the  true 
fbrmnlsB  of  the  stibethyl-compoands  may  be  (SbAe'H)P  or  (SbAe')I,HIj 
(SbAe'H)Cl*  or  (SbAe')Cl,HC],  &c.  the  introduction  of  a  single  atom 
of  hydrogen  making  bnt  little  difference  in  the  percentage  oompositiofii 
e.  g,  in  the  chloride,  24*65  p.  c.  chlorine  instead  of  24*74. 

•To  decide  upon  the  true  formula  of  stibethyl,  Merck  first  tried  thd 
action  of  ammonia  npon  the  iodide,  but  the  results  were  not  sufficiently 
definite  to  lead  to  any  exact  conclusion.  —  The  action  of  stibethyl  on 
an  iodide  of  stibethyl  was  next  tried.  This  action  may  be  represented 
by  one  or  other  of  the  following  equations,  according  to  the  formula 
adopted  for  the  iodide  : 

(1).  (SbAc»)P  +  SbA€«  -  2(SbAc»;I 

(2)4  (SbAe*)P  -I-  SbAe>  -  (SbAe«)I  -f  SbA^ 

(3).  (SbAe>)I,HI  +  SbA^  »  (SbAe>H)I  +  (SbAe*)I 

(4).  (SbAe»H)P  +  SbAfc"  =  (SbAe»H)I  +  (SbAc»)I. 

Stibethyl  was  dissolved  in  ether  in  a  vessel  filled  with  carbonic  acid; 
one-half  of  the  solution  exactly  saturated  with  iodine  and  added  to  the 
other;  and  the  solution  left  to  evaporate  in  a  beaker,  through  which  a 
stream  of  carbonic  acid  was  continuously  passed,  by  means  of  a  caoa^ 
chic  tube  passing  down  the  neck  of  a  funnel  inverted  ov^er  the  vessel,  and 
reaching  nearly  to  the  surface  of  the  liquid.  After  about  half  the  quantity 
of  ether  present  had  been  thus  evaporated,  large,  hard,  lustrous,  regular 
octohedrons  separated  out.  By  further  evaporation,  more  crystals  of  the 
same  form  were  obtained,  but  at  length  a  salt  was  obtained,  differing 
from  the  first  both  by  its  form  and  by  its  greater  solubility  in  water. 

The  octohedral  crystals  agreed  in  composition  with  the  formula 
of  iodide  of  stibtriethyl,  SbA^I  (p.  525),  and  the  more  soluble  crystals 
gave,  as  a  mean  of  three  experiments,  86*72  p.  c.  iodine,  ag*eeing  with 
the  formula  (SbAe'H)I,  which  requires  86*73  per  cent.  The  amount 
of  iodine  required  by  the  formula  SbAe'I  is  much  greater,  viz.  40*26 
p.  0.  As  these  results  agree  with  the  equations  (3)  and  (4),  and  are 
inconsistent  with  (1)  and  (2),  it  follows  that  the  formula  of  iodide  of 
stibethyl  cannot  be  (SbAe*)P,  but  must  be  either  (SbAe'H)P  or 
(SbAe^)!,!!!.  This  is  further  proved  by^  the  following  experiments: 
1,  When  an  alcoholic  solution  of  iodine  is  added  to  a  solntion  of  the 
octohedral  salt  (SbAe*)I  in  absolute  alcohol,  the  iodine  is  bnt  slowly 
taken  up;  but  on  gently  heating  the  liquid  [whereby  hydriodic  acid  is 
formed,]  the  colour  of  the  iodine  disappears  very  quickly;  the  8am« 
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takes  place  when  a  little  water  ia  added.     If  iodine  be  added  as  lon^  as 
its  colour  disappears,  a  white  powder  separates,  and  the  filtered  solution 
yields,  by  spontaneous  evaporation,  crystals  of  the  so-called  iodide   of 
stibethyl.     If,   on  the  other  hand,   the  aqueous  solution  of  the  oeto- 
hedral  crystals  be  mixed  with   hydriodic  acid,  the  so-called  iodide  of 
stibethyl   is  immediately  thrown  down;  this  salt  dissolves  completely 
in  alcohol,  and  may  be  obtained  in  beautiful  crystals  from  the  solu- 
tion.    But  if  iodine  be  added  to  the  crystals   last  obtained,  it  cannot 
be  made  to  disappear;  and  hydriodic  acid  added  to  this  solution,  pro- 
duces no  separation  of  iodide  of  stibethyl.  —  2.  When  hydrochloric  acid 
is  added  to  the  aqueous  solution  of  the  oxide  (SbAe*)0,  prepared  from  the 
octohedral  iodide  by  means  of  oxide  of  silver  (vid,  inf.),  each  drop  of  the 
acid  produces  a  white  turbidity,  which  disappears  on  stirring;  a  certain 
quantity  of  acid,  however,  renders  the  turbidity  permanent;  and  on  adding 
a  still  larger  quantity  of  acid,  a  colourless  liquid  separates,  insoluble  in 
water,  containing  25*1 6  p.  c.  chlorine,  and  exhibiting  all  the  properties 
of  the  so-called  chloride  of  stibethyl.   [SbAe'Cl*  or  rather  SbAe>Cl,HCl, 
(ix.  83)].     If  this  liquid  be  added  to  an  aqueous  solution  of  the  oxide, 
DbAe'O,  it  dissolves  immediately,  and  the  solution  yields  by  evapprar 
tion  a  chloride,  readily  soluble  in  water,  and  having  the  composition 
SbAe'Cl;  and  if  this  solution  be  again  mixed  with  hydrochloric  acid,  the 
insoluble  chloride  of  stibethyl  once  more  separates.  —  3.  If  the  so-called 
iodide  of  stibethyl  be  prepared  directly,  viz.  by  saturating  an  alcoholic 
solution  of  stibethyl  with  iodine  (ix.  82),  and  its  ethereal  solution  mixed 
with  an  alcoholic  solution  of  the  oxide  (SbAe*)0,  the  mixture  yields,  by 
spontaneous  evaporation,  the  same  octohedral  crystals  that  are  obtaincwl 
by  the  action  of  stibethyl  upon  the  so-called  iodide  of  stibethyl : 

(SbileS)O  +  (SbA(^)l,HI  «  2^SbAeS)I  -h  HO 

Whether  the  rational  formula  of  the  iodide,  <fec.,  of  stibethyl  be 
(SbAe')I,HI  or  (SbAe'H)P,  &c.,  cannot  be  positively  decided;  but  the 
former  is  the  more  prolnible. 

From  the  preceding  experiments,  it  appears  that  stibethyl,  —  or 
dSbtridhyl  as  it  is  more  exactly  designated  —  is,  like  stibethylium, 
capable  of  uniting  with  1  At.  0,  Ul,  I,  £c.;  and  the  same  is  doubtless 
true  with  regard  to  the  corresponding  compounds,  stibtrimethyl,  arsentri- 
methyl,  and  arsentriethyl;  we  know  also  that  the  biethyl  and  bimethy! 
radicaJs,  oacodyl,  for  example,  form  compounds  of  similar  constitution; 
hence  we  may  draw  the  general  conclusion  tkat:  All  organo-metaUic 
radicaU  are  capable  of  uniiiTig  with  I  At,  of  oxygen,  chlorine,  ic. 


CompouncU  of  Stibtrietkyl,  (C*H*)'Sb. 

Oocide.  SbAeK).  —  Obtained  by  decomposing  the  aqueous  solution 
of  the  iodide  with  pure  and  recently  precipitated  oxide  of  silver.  The 
filtrate  contains  a  not  inconsiderable  quantity  of  silver-oxide  in  solution, 
which  can  only  be  partially  separated  by  concentration,  and  must  there- 
fore be  removed  by  careful  precipitation  with  dilute  hydriodic  acid; 
hydrochloric  acid  cannot  be  used,  because  it  dissolves  the  oxide  in  some- 
what considerable  quantity.  The  filtrate  solution  is  then  evaporated^ 
first  over  the  water-bath|  and  afterwards  in  vacuo  over  oil  of  vitriol. 
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Thick,  sjTupj,  transparent,  colourless  mass,  which  has  a  slippery  feel 
between  the  fingers,  like  verj  strong  potash-lej.  It  is  inodorous;  has 
an  intensely  bitter  and  biting  taste,  and  a  strong  alkaline  reaction.  It 
is  somewhat  yolatile,  slight  fumes  being  produced  when  a  rod  moistened 
with  hydrochloric  acid  is  held  over  its  aqueous  solution :  it  does  not,  how- 
ever, diminish  perceptibly  in  weight  when  kept,  even  for  a  long  time,  in 
vacuo  over  sulphuric  acid. 

Calculation. 

Sb  129  ....  57-59 

12  C    72  ....  32-14 

15  H    15  ....       6-70 

O    8  ....      3-57 

(C*H»)>SbO 224    ....  100-00 

The  oxide  dissolves  readily  in  water,  the  solution  being  attended  with 
considerable  rise  of  temperature.  The  solution  precipitates  manganous, 
ferrous,  ferric,  cupric,  mercuric  and  lead  salts,  without  dissolving  the 
precipitates  in  excess.  In  alumina  and  zinc  salts,  it  forms  white  pre- 
cipitates, soluble  in  excess. 

Oxide  of  stibtriethyl  is  a  strong  base;  its  salts  all  dissolve  readily  in 
water,  but  sparingly  in  alcohol :  they  have  a  bitter  taste,  but  no  emetic 
action. 

The  oxide  dissolves  readily  in  alcohol,  but  sparingly  in  ether.    - 

The  Stdphide  of  stibtriethyl  has  not  yet  been  obtained  in  the  separate 
state.  On  saturating  an  alcoholic  solution  of  the  oxide  with  sulphuretted 
hydrogen  and  leaving  it  to  evaporate,  fine  ciystals  are  obtained,  which 
appear  to  be  identical  with  the  so-called  sulphide  of  stibethyl  (ix.  81.), 

Carhimaie  of  Stibtriethyl.  SbAe'0,CO*,—"  Obtained  by  decomposing 
the  iodide  with  carbonate  of  silver.  On  evaporating  the  nitrate  over  the 
water-bath,  the  salt  remains  in  the  form  of  a  syrupy  mass^  without  any 
trace  of  crystallisation. 

Sidphate  of  Stibtriethyl.  SbAe*0,SO*.  ^-  Obtained  by  decomposing 
the  iodide  with  sulphate  of  silver.  Does  not  crystallise;  but  by  evapo- 
ration, first  in  the  water-bath  and  then  in  vacfuo  over  oil  of  vitriol,  it  is 
obtained  in  the  form  of  a  transparent  gummy  mass,  which  may  be  rubbed 
to  a  white  powder.  Deliquesces  readily  in  the  air,  and  dissolves  in  all 
proportions  in  water. 

Merck. 

SbAeH)    224     ....     84-93 

80» 40    ....     15-07     14-81 

SbAe»0,SO»    264     ....  100-00 

Iodide  of  Stibtriethyl.  SbAe'I.  —  Obtained  either  by  exactly  satu- 
ratinfi^  the  oxide  with  hydriodic  acid,  the  latter  being  added  in  the  state 
of  dilute  solution  till  it  produces  a  permanent  cloud,  which  may  then 
be  made  to  disappear  by  adding  a  drop  of  the  oxide;  or  by  the  action 
of  ammonia  or  stibtriethyl  on  iodide  of  stibtriethyl  and  hydrogen, 
SbAe»I,HI. 

Crystallises  very  readily.  By  leaving  the  ethereal  solution  to  evaporate 
large,   hard,  transparent,   colourless,    octohedrons    or  tetrahedrons  are 
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obtained,  which  are  inodoroas,  and  have  a  ghbssy  lustre.  They  exhibit 
no  trace  of  deooinpo0itio»  when  exposed  to  the  air,  even  for  weexa;  they 
are  anhydrous,  and  suffer  no  loss  of  weight  in  vacuo  oil  of  vitrioL 
Crystals  of  thQ  same  form  are  obtained  from  the  aqueous  or  alcoholic 

solution. 

Merck. 


a,  b.  Cm  dm 

Sb 129  ....  37-72  87-84 

12  C  72  ....  21-05  «. 20-69  ^..  20-65  ....  2070 

15  H  ^.     15  ....  4-39  4-53  ....  4-63  ....  4-52 

I    126  ....  36-84     36-68  ....  3770  ....  37-10    ....    36-93 

(C<H»)»SbI 342     ....  100*00    99-74 

a  and  b  were  obtained  by  the  action  of  ammonia ;  c  and  d  by  that  of  stibethyl  on 
the  compound  SbAe^I^HI. 

An  aqueous  solution  of  mercuric  bromide  added  to  aqueous  iodide  of 
stibtriethyl^  forms  at  first  a  yellow  precipitate  which,  however,  veiy  soon 
changes  to  red,  the  decomposition  being  then  complete.  No  doubt  the 
yellow  modification  of  mercuric  iodide  is  formed  at  first,  and  afterwards 
passes  into  the  red.  This  reaction  distinguishes  iodide  of  stibtriethyl 
from  iodide  of  stibethylium  (p.  528.)  —  When  the  bromide  of  mercury 
and  iodide  of  stibtriethyl  are  mixed  in  exactly  equal  numbers  of  atoms 
and  in  the  state  of  alcoholic  solution,  no  precipitate  is  formed;  but  on 
evaporating  the  liquid,  there  remains  a  slightly  yellowish  oil,  which, 
indeed,  separates  as  the  alcohol  evaporates;  when  this  oil  is  shaken  up 
with  water,  red  iodide  of  mercury  immediately  separates  out,  and  bromide 
of  stibtriethyl  remains  in  solution. 

Iodide  of  stibtriethyl  is  soluble  in  water,  alcohol,  and  ether. 

Bnmide  of  Stibtriethyl,  SbAe'Br.  —  Obtained  by  the  action  of 
bromide  of  mercury  on  iodide  of  stibtriethyl  in  alcoholic  solution,  in  the 
manner  just  mentioned  —  or  better,  by  addmg  bromide  of  barium  to  the 
aqueous  sulphate  of  stibtriethyl,  as  long  as  a  precipitate  is  formed.  The 
filtrate  evaporated  over  the  water-bath,  and  then  in  vacuo  over  oil  of 
vitriol,  exhioited  after  a  week,  traces  of  crystallisation. 

Chloride  of  Stibtridhyl  SbAe^Cl.  —  Obtained  by  decomposing  the 
iodide  with  corrosive  sublimate,  the  aqueous  solutions  of  the  two  salts 
being  mixed  in  exactly  equal  numbers  of  atoms;  also  by  adding  chloride 
of  stibtriethyl  and  hydrogen  to  an  aqueous  solution  of  the  oxide  (p.  524.) 
Very  soluble  in  water,  and  crystallises  only  from  highly  concentrated 
solutions;  no  definite  crystals  were  obtained.  Forms  a  white,  radiated 
mass,  which  rapidly  absorbs  water  from  the  air. 

Dried  in  vacuo  over  oil  qf  vitriol.  Merck. 

Sb  129*0    ....     51'35 

12  C 72-0    ....     28-63    28-14 

16  H   15-0    ....      5-96    6-19 

CI 35-4    ....     1406     13-90    ....     13-74 


(Cm»7SbCl  251-4     ....  109-00 

On  adding  hydrochloric  acid  to  the  aqueous  solution  of  this  salt,  the 
acid  chloride  SbAeK/lyHCl,  separates  in  the  form  of  a  perfectly  colourless 
liquid,  containing  2j|*16  p.  c«  chlorine;  the  formula  requiring  24*78  p.  e. 
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The  aqueous  solution^  mixed  with  bichloride  of  platinam  does  not 
form  anj  precipitate;  but  on  evaporating  the  liquid,  a  dark-Ksoloured  oily 
substance  is  at  length  obtained^  which,  however,  has  not  been  further 
examined. 

NitrcEte  of  StibtrietkyL  —  a.  NeutraL  —  Prepared  bv  deeomposing  the 
iodide  with  nitrate  of  silrer.  On  evaporating  the  filtrate,  first  in  the 
water^bath  and  then  over  oil  of  vitriol  in  vacuo,  the  whole  solidifies  in  a 
solid  radiated  mass,  which  dissolves  yeij  easily  in  water,  but  does  not 
deliquesce  in  the  air. 

jyHed  in  vaewi  over  oil  of  viirioL  Merck, 

SbAc«0 224     ...,    80-67 

NO*   54     ....     19-43     19  0 

6bAeH),NO> 278    .,„  lOO'OO 

(.  Acid.  SbAe'0,HO,2NO'.  —  When  the  neutral  nitrate  is  dissolved 
in  dilute  nitric  acid,  and  the  solution  evaporated  over  the  water-bath,  the 
acid  salt  separates  in  oily  drops,  which  solidify  in  a  crystalline  mass  on 
cooling;  and  on  dissolving  this  mass  in  water  and  evaporating,  the  acid 
salt  is  obtained  in  beautiful  rhomboidal  crystals,  which  dissolve  readily*  in 
hot  water.  The  salt  thus  obtained  exnibits  all  the  properties  of  the 
nitrate  of  stibethyl  obtained  by  L5wig  &  Schweizor  (ix.  84),  in  which 
they  found  32-01  p.  c.  nitric  acid;  the  above  formula  requires  Sl'67» 

Acetate  of  StUtriethyL  — When  the  solution  of  the  oxide  is  saturated 
with  acetic  acid  and  the  solution  evaporated  over  the  water-bath,  there 
remains  a  thick  syrupy  residue,  which  does  not  crystallise,  even  after 
long  standing  in  a  warm  place.  (Merck.) 


Page  85. 

Compounds  of  J^ibethyUum,  (OW)^h. 

R.  L5wia.    J.  pr.  Chem  64,  415;  Chem.  Sac,  Qu.  J,  8,  261. 

Stibethylium  is  obtained  in  the  form  of  an  iodide  by  the  action  of 
iodide  of  ethyl  on  stibtriethyL  (Landol,,  ix.  85.) 

The  Hydrated  oxide  (C«H")%bO,HO,  is  obtained  by  decomposing  the 
iodide  with  oxide  of  silver.  Traces  of  dissolved  oxide  of  silver  are 
removed  by  the  careful  addition  of  hydrochloric  acid.  On  evapo- 
rating the  liQuid  in  vacuo,  the  hydrate  is  obtained  in  the  form  of  a  thick^ 
colourless,  oily  fluid,  of  a  strongly  alkaline  and  intensely  bitter  taste^ 
which  quickly  renders  litmus-paper  blue.  It  dissolves  in  water  and 
alcohol  in  all  proportions,  but  is  insoluble  in  ether.  It  sets  ammonia 
free  from  its  compounds,  and  precipitates  the  oxides  of  the  heavy  metals. 
Oxide  of  tin  and  alumina  are  again  dissolved  by  the  excess  of  the  alkali. 
The  salts  of  the  alkaline  earths  are  not  decomposed  by  the  base. 

The  salts  are  produced  by  bringing  the  bas^  in  contact  with  the 
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a^ids,  or  by  doable  decomposition.  They  have  a  strong  bitter  taste. 
The  carbonate  is  a  tough  deliquescent  mass.  The  sulphate  and  nitrate 
crystallise.  The  formiate  yields  needle-shaped  crystals,  difficult  of 
solution.  The  acetate  forms  similar  crystals,  but  more  soluble.  The 
oxalate  crystallises;  the  succinate  does  not.  The  neutral  tartrate  and 
racemate  form  large  deliquescent  crystals;  the  acid  tartrate,  fine  needles;. 

Sulphide  of  SUbetkyUttmt  (SbAe*)S,  is  obtained  by  treatinff  oxide  of 
stibethylium  with  sulphuretted  hydrogen.  When  evaporated  without 
access  of  air,  it  forms  a  yellowish  oily  liquid^  which  does  not  crystallise; 
it  dissolves  readily  in  water  and  alcohol,  and  behaves  towards  the  salts 
of  the  metab  like  sulphide  of  potassium. 

Iodide  of  Stibetkplitan.  Prepared  b^  introducing  a  mixture  of  eqaal 
parts  of  stibethyl  and  iodide  of  ethyl  into  a  retort  filled  with  carbonic 
acid,  nearly  filling  the  retort  with  water,  sealing  the  neck,  and  then 
heating  it  in  boiling  water.  Combination  takes  place  in  two  or  three 
hours,  and  the  iodide  may  be  obtained  in  crystals  by  evaporating  the 
solution  on  the  water-bath,  and  cooling.  During  this  evaporation,  the 
liquid  generally  acquires  a  yellow  colour,  which  may,  however,  be 
removed  by  the  addition  of  a  few  drops  of  ammonia. 

Crystaflifes  in  beautiful  hexagonal  prisms,  often  an  inch  long,  or  in 
small  pointed  crystals,  which  become  yellowish  when  exposed  to  the  air. 
It  has  a  very  bitter  taste.  1  pt.  of  it  dissolves  in  5*26  pts.  of  water  at  20**. 
It  dissolves  more  easily  in  absolute  alcohol,  but  less  easily  in  ether. 


16  C  

20  H  

Sb 

I    

Anhffdrou9 

96 

20 

129 

126 

•  ••>        *d*0o        .... 
....         0  «}«f       .... 

....     34-77 

....     33-96     .... 

....    25-79 
....       5-61 

....    34-28 

(C*H»VSbI... 

16  C 

23  H  

Hydratee 

371 

r. 

96 

23 

129 

126 

24 

....  100-00 

....       ^4    1  £       .... 
....         D*/o       .... 

....     32-41 

....     31-66     .... 

...      603 

....     2414 
6*12 

bb 

3  O  

....    3206 

(C<H*)»SbI  +  3Aq    398     ....  100  00 

During  the  crystallisation  of  this  compound,  especially  from  warm 
solutions,  another  salt  is  often  formed,  with  a  different  amount  of  water, 
vi«.  2(C*H»)«bI  -h  3  Aq. 

Bromide  of  Stibethylium.  —  (C*H')*SbBr  was  obtained  by  saturating 
the  oxide  with  hydrobromic  acid.  Crystallises  in  dazzling  white,  needle- 
shaped  crystals,  which  dissolve  very  readily  in  water  and  alcohol,  and 
do  not  deli<juesce  in  the  air.  Gives  by  analysis  24*38  of  bromine. 
CalcuUtion  gives  24*62. 

Bromaie  of  Stibethylium  appears  to  be  formed,  together  with  the 
bromide,  by  the  action  of  bromine  on  the  oxide. 

ft 

Chloride  of  Stibethylium  is  obtained  by  saturating  the  hydrated  oxide 
with  hydrochloric  acid,  or  by  decomposing  4  At.  of  the  iodide  with  3  At« 
corrosive  sublimate,  the  decomposition  yielding  3  At.  chloride  of  stibe- 
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thylinm.  Gryatallises,  and  is  eren  more  deliquescent  ihan  cbloride  of 
calcium.  Gives  off  its  water  of  crystallisation  (3  At.)  at  the  heat  of  the 
water- bath.     Has  a  strong  bitter  taste. 

Anhydrous.  LiSwig. 

16  C  960     ....  34-29  33*29     ....     33-21 

20  H 20-0     ....  7-01  7-76     ....       7-63 

Sb 129-0    ....  46-04 

CI 35-4     ....  12-66  11-13     ....     12-50 

(C*H«/SbCl 280-4     ....  100-00 

Iodide  of  Stibdhylium  and  Mercury,  —  a.  3HgI,(Sb Ae*)T.  —  When 
a  solution  of  mercuric  chloride  is  added  to  a  solution  of  iodide  of  stibe- 
thjlium,  a  white  precipitate  is  produced^  which  melts  into  an  oily  liouid 
even  at  a  gentle  heat.  —  Insoluble  in  water  and  ether,  and  dissolves 
with  difficulty  in  boiling  alcohol.  Crystallises  from  this  solution  in 
columnar  crystals.  If  the  precipitate  be  allowed  to  melt  under  water 
of  70^  G,  it  solidifies  to  a  white  mass^  and  only  exhibits  single  red  spots, 
but  becomes  entirely  red  after  some  time.  If  the  mass  which  has  become 
red  be  dissolved  in  boiling  alcohol,  the  white  salt  separates  again  in 
hexagonal  prisms.  Both  forms  of  the  salt  have  the  same  composition, 
but  the  red  crystals  appear  to  belong  to  the  regular  system. 

LQmg. 

SbAe*  245     ....     23-35 

3Hg  300     ....    28-60    29-30    ....     28-40 

4  1  504     ....     4805    49-00    ....     48'60 

3HgI,(C*H»)<SbI  ....  1049     ....  100-00 

h,  dHgI,2(SbAe*I),  is  obtained  by  adding  iodide  of  mefcuty  to  a  hoi 
solution  of  iodide  of  stibethylium,  until  it  no  longer  loses  its  red  colour. 
The  conversion  of  the  excess  of  iodide  of  mercury  is  then  effected  by  a 
fresh  addition  of  iodide  of  stibethylium;  none  of  the  latter  remains  in 
the  liquid.     The  precipitate  melts  when  heated;  forming  a  yellow  oil. 

LSiHg. 

2  SbAtf*  490    ....    34-51 

3  Hg   300     ....     21-13     20-86     ....     21-80 

5  I  630     ....     44-36     44-56     .„.     44-52 

3HgI,2(SbAen) 1420    ....  10000 

Chloride  of  Stihethylium  and  Mercury.  —  Compounds  exactly  similar 
to  those  of  iodide  of  mercury  with  iodide  of  stihethylium  are  obtained 
by  bringing  in  contact  chloride  of  mercury  and  iodide  or  chloride  of 
stihethylium.  1  At.  iodide  of  stihethylium  with  3  At.  chloride  of  mer- 
cury furnishes  the  iodine-compound  which  melts  under  water,  whilst 
the  water  takes  up  the  corresponding  chloride,  3HgCl,(SbAe^)Cl.  If 
concentrated  solutions  of  chloride  of  stihethylium  and  mercuric  chloride 
be  mixed,  a  compound  of  the  formula  3UgCl,2(SbAe^)Cl  is  obtained. 
The  former  salt  is  soluble  in  alcohol  and  water;  the  latter  forms  a  white 
powder,  which  is  difficult  of  solution  in  water. 

Chloride  of  Stihethylium  and  Platinum,  3PtCP,2(SbAe*^Cl.  —  Produced 
by  mixing  a  somewhat  dilnte  alcoholic  solution  of  chloride'  of  stibe- 
thylium  with  a  similar  solution  of  chloride  of  platinum,  and  evaporating' 
VOL.  X.  2  m 
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tbe  mixture.  It  b  a  fine  yellow  compoand,  tolerably  solnUe  in  water 
and  alcohol,  which  yields  27*78  p.  c.  platinam;  calculation  requiring 
27*75  p.  c.  (Lbwig.) 


Page  90. 

Zinc-ethyL    c*H»Zn. 

Frakkland.     Pkil,  Trans,  1855;  Ann.  Pluirm,  95,  28;    abstr.  Proc 
Boy.  tSoe.  7,  303. 

To  obtain  this  compound  in  considerable  quantity,  Frankland  uses  a 
copper  digester  capable  of  resisting  great  pressure.  Into  this  apparatos 
4  OS.  of  finely  granulated  zinc,  previously  dried  at  150°,  are  introduced, 
together  with  2  os.  iodide  of  ethy],  and  an  equal  volume  of  anhydrous 
ether,  and  the  whole  heated  in  an  oil-bath  to  about  1 30^  The  utmost 
care  must  be  taken  to  ensure  the  perfect  dryness  of  all  the  materials,  as 
the  smallest  quantity  of  moisture  gives  rise  to  the  formation  of  oxide  of 
zinc  and  hydride  of  ethyl,  and  greatly  diminishes  the  product;  the 
addition  of  ether  prevents,  to  a  very  great  extent,  the  formation  of  these 
secondary  products.  When  the  action  is  complete,  the  digester  is  con- 
nected with  a  distilling  apparatus  of  peculiar  construction,  and  the  pro- 
duct distilled  in  an  atmosphere  of  carbonic  acid.  [For  details  of  the  digester 
and  of  tbe  difltilling  apparatus,  see  tbe  references  above  cited]. 

Colourless,  transparent,  mobile  liquid,  which  refracts  light  strongly, 
and  has  a  peculiar  oaour,  rather  pleasant  than  otherwise,  thereby  differing 
remarkably  from  zinc-methyl.  Sp.  gr.  =:  1*182  at  18^  Shows  no  ten- 
dency to  solidify  at  —  22^.  Boils  at  1 1 8^,  and  distils  unchanged.  Vapour- 
density  4*259. 

Frankland. 

4C 24-0    ....    39-22    38*83 

5  H 50     ....       8*17     8-20 

Zn   32-2     ....     52-61     5227 

C^H»Zn  61-2  ....  10000  99'30 

Or:  Frankland. 

C*H»  290  ....     47-39 47*32 

Zn  32*2  ....     52*61  52-67 


C<H*Zn   .„ 61-2    ....  100*00    99*99 

Vol.  Density.  Or:  ToL  Densttj. 

C-vaponr 4  ....  1-6640 

H.gas 5  ....  0*3465  C^H*  ....     1  ....     2*0105 

Zn-vapour 1  ....  2-2471  Zn  1  ....     2*2471 

Vap.  of  C*H»Zn....     1     ....    4*2576  1  4*2576 

Fh>m  this  it  wonld  appear  that  the  vapour-Tolnme  of  zinc  is  equal  only  to  that  of 
oxygen,  instead  of  that  of  hydrogen  as  is  commonly  snpposed, — in  other  words  that  sinc- 
vapovr  is  not  monatomic  but  diatomic  (i.  53).  Zinc-ethyl  appears  therefore  to  belong 
to  the  so-called  water-type  (vii.  46),  and  to  consist  of  2  Toinmes  of  ethyl  and  1  toI.  of 
zinc-Taponr,  the  three  yolnmes  being  condensed  into  two;  for,  on  the  assumption  that  an 
atom  of  zinc  occupies  the  same  yapour-Tolome  as  an  atom  of  hydrogen,  we  should  hate 
the  anomaly  of  the  comlnnation  of  two  gases  in  cijnal  Tolames  attended  with  eondcn- 
lation. 


ZINC-ETHYL.  531 

Zinc-ethyl  is  retnarkable  for  the  intensity  of  its  affiuitie.%  being  acted 
upon  with  violence  by  oxyffeu,  chlorine,  bromine,  &c.;  nevertheless,  it 
does  not  appear  to  be  capaible  of  forming  any  true  compounds  with 
electro-negative  elements,  its  reactions  being  all  double  decompositions  in 
which  the  constituents  of  the  ziuo-ethyl  separate.  On  coming  in  contact 
with  oxyffen  gas  or  atmospheric  air,  it  takes  fire  spontaneously,  and 
bums  with  a  bright  blue  flame  bordered  with  green,  and  gives  off  dense 
vapours  of  zinc-oxide.  A  cold  body  held  in  the  flame  soon  becomes  covered 
with  a  black  film  of  metallic  zinc,  surrounded  with  a  white  border  of 
oxide.  The  products  of  this  rapid  combustion  are  carbonic  acid,  water, 
and  oxide  of  zinc.  If,  on  the  contrary,  zino^thyl,  diluted  with  three 
times  its  volume  of  ether,  be  introduced  into  a  vessel  filled  with  drj 
carbonic  acid  gas  and  immersed  in  a  freezing  mixture,  and  a  stream  of 
oxygen  slowly  directed  upon  it,  a  rapid  action  takes  place,  at  first 
attended  with  formation  of  white  fumes;  but  this  soon  ceases,  and  a 
white  precipitate  begins  to  separate;  if  the  vessel  be  frequently  shaken, 
to  break  a  crust  which  forms  on  the  surface,  the  action  goes  on  slowly 
and  steadily,  and  is  complete  in  about  four  days.  During  the  latter 
stage,  after  the  white  fumes  have  ceased  to  form,  a  considerable  quantity 
of  gaseous  hydride  of  ethyl  is  evolved.  The  product  of  the  oxidation  is 
a  white  amorphous  mass,  consisting  of  ethylate  of  zinc  G^H'ZnO',  mixed 
with  smaller  quantities  of  acetate  and  oxide  of  zinc.  One  experiment 
yielded  in  100  pts. :  68*28  p.  o.  ethylate  of  zinc,  16*70  acetate,  and  15*02 
oxide.  The  formation  of  these  products  is  represented  by  the  following 
equations : 

C<H»Zn  +  20  =  C«H»0,ZiiO 

ethylate  of  sine. 
C*H»Zd  +  C*H»0  +  20  *  C«H»ZnO^+  C*H»,H  +  HO. 

acetate  of        hydride 
zinc.  ofethyi« 

C*H»0,ZnO  +  2H0  -  ZnO,HO  +  C*H«0« 

The  first  action  of  the  oxygen  appears  to  be  that  represented  by  the 
first  equation,  and  to  continue  as  long  as  the  vapours  of  zinc-ethyl  are 
dififused  through  the  vessel  and  absorb  the  oxygen  as  fast  as  it  enters; 
after  this,  the  second  action  takes  place,  hydride  of  ethyl  and  free 
oxygen  being  then  present  in  the  vessel  together.  Lastly,  as  hydrated 
oxide  of  zinc  and  zinc-ethyl  could  scarcely  exist  together,  the  action 
represented  by  the  third  equation  probably  takes  place  only  after  all  the 
zinc-ethyl  has  been  oxidised.  The  action  of  oxygen  on  pure  zinc-ethyl 
was  also  tried  in  a  similar  manner,  but  did  not  yield  any  definite 
results,  the  oxidation  being  greatly  disturbed  and  retarded  by  the  for- 
mation of  a  solid  crust  on  the  surface  of  the  liquid.  As  however  the 
production  of  acetate  of  zinc  and  hydride  of  ethyl  in  the  experiment 
above  described  is  clearly  due  to  the  ether  present,  we  may  conclude 
that  the  essential  product  of  the  slow  oxidation  of  zinc-ethyl  is  ethylate 
of  zinc. 

Zinc-ethyl  is  acted  upon  with  great  energy  by  iodine;  when  the 
violence  of  the  action  is  moderated  by  the  application  of  intense  cold  and 
the  intervention  of  ether,  the  sole  products  are  iodide  of  zinc  and  iodide 

of  ethyl : 

OH*  1     jl      C*H»I 
Znf^W     Znl 

2  M  2 
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Bromine  acts  witb  explosive  yiolenoe  on  zinc-etbjl^  but  the  action 
may  be  moderated  by  adding  the  bromine  in  the  form  of  ditfbsed  yapoor, 
and  cooling  to  0^<  The  sole  products  are  then  bromide  of  ethjl  and 
bromide  of  zinc. 

Zinc-ethyl  bnms  spontaneously,  and  with  a  lorid  flame,  in  Mcrine 
gas,  forming  chloride  of  zinc  and  hydrochloric  acid,  and  depositing 
carbon.  Tl^  products  of  a  more  moderate  action  are  probably  simHar  to 
the  preceding. 

When  zinc-ethyl  is  gently  heated  with  flowers  of  sulphur^  a  whiie 
precipitate  is  formed,  and  a  strong  odonr  of  solphide  of  ethyl  developed. 
The  principal  product  is  mercaptide  of  zinc,  OH%,ZnS. 

Zmc-ethyl  is  decomposed  by  water  into  zinc-oxide  and  hydride 
of  ethyl : 

C*H»Zn  +  HO  -  C<H»,H  +  ZnO 

Hydrated  acids  act  upon  it  in  a  similar  manner. 

The  action  of  the  electro-negative  elements  upon  zinc-ethyl,  combining 
as  they  do,  partly  with  the  zinc  and  partly  with  the  ethyl,  afford  a 
striking  example  of  the  peculiar  condition,  —  polarity  as  it  may  be 
called, -» of  elements  at  the  moment  of  chemical  change,  originally 
pointed  out  by  Brodie.  {Phil.  Trans.  1850,  789.)  Ethyl  in  the  free  state 
shows  no  inclination  to  unite  with  oxygen,  chlorine,  Ac,  but  in  presence 
of  zinc,  it  enters  readily  into  combination  with  those  elements.  (Frankknd.) 
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Phosphate  of  Eydrargethyl.  —  Prepared  by  digesting  tribasic  phos- 
phate of  silver  and  chloride  of  hydrargethyl  witli  weak  alcohol,  con- 
centrating the  filtrate  at  the  gentlest  possible  heat,  extracting  the 
phosphate  of  hydrargethyl  from  the  syrnpjr  solution  with  water,  and 
leaving  the  solution  to  evaporate  in  vacuo;  it  forms  a  viscid,  translucent, 
nearly  colourless  mass. 

Sulphate  of  Hydrargethyl  was  prepared  by  agitating  1  At  of  finely 
pulverised  sulphate  of  silver  with  the  alcoholic  solution  of  1  At.  chloride 
of  hydrargethyl  and  evaporating  the  filtered  liquid.  Crystallises  in 
silvery  laminfie. 

Dttohaupt. 

2Hg 200    ....     72-20    71-43 

4  C 24     ....      8-66    8-88 

SH    6     ....       1-81     1-90 

O    8     ....       2-89     3-39 

S0» 40     ....     14-44     14-40 


C<H«Hg20,S03 277    ....  10000    100-00 

Nitrate  of  Hydrargethyl  —  Obtained  by  saturating  the  base  with 
nitric  acid.  Remains  when  the  aqueous  solution  is  evaporated  over  the 
water-bath,  in  the  form  of  an  oily  liquid,  which  solidifies  in  a  tallowy 
mass  on  cooling.  It  dissolves  readily  in  water  and  alcohol,  and  bums 
away  with  slight  detonation  when  heated. 


OXALATES,  £33 

Donhaupt. 

2  Hg   200    ....  68-73 

4  C  24     ....       8-23     8-44 

5  H 5     ....       1-74     1-84 

O 8     •■••       2'75 

NO* ..!".! !.!.!".!"     54     ....  18-55     10*80 


C*H»Hg«0,NO»  291     ....  10000 

The  Oxalate  and  Acetate  of  hydrargethyl  are  crjstallisable.  (Diinhaupt, 
J.  pr.  Chem.  61,  399;  Ann.  Fliarm.  92,  382.) 
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Sodio^anUmonic  Oxalate.  —  When  biozalate  of  soda  is  boiled  with  a 
laree.  quantitj  of  water  and  an  excess  of  antimonic  oxide,  the  solution 
yields  on  oooling  an  abundant  crop  of  transparent  shining  crystals 
belonging  to  the  oblique  prismatic  system.  They  are  rhombic  prisms, 
with  the  acute  lateral  edges  slightly  truncated;  and  an  oblique  terminal 
&ce  resting  thereon.  —  (^o^^  the  figures  and  crystallographical  details  of  this  and 
the  follovring  salts,  see  Rammelsberg's  Memoir,  Pogg,  95,  177.)  They  are  decom- 
posed by  water,  like  the  potash-salt  a  (ix.  149,)  with  separation  of  anti- 
monic oxide.  (Rammelsberg.) 

CryBialt.  Rammelsberg. 

new  396  ....  39-54  39-U 

5  NaO   156  ....  15-62  16-41 

2  SbO»  306  ....  31-36  3039 

15  HO 135  ....  13-48  13*17 

5(NaO,(?(>»)  +  2(SbO»,3C«0^  + 15  Aq 993     ....  10000     9908 

This  salt  corresponds  in  eomposition,  excepting  that  the  amount  of  water  is  twice 
as  great,  with  the  potash  salt  above  referred  to,  and  like  that  salt  may  be  regarded  as 
consisting  of  [3(NaO,C20a)  +  (SbO«,3C«0»)]  +  [2(NaO,C«0»)  +  {SbO«3C*0»)]. 
It  has  not  however  been  found  possible  to  obtain  one  of  these  component  salts  sepa- 
rately, as  was  the  case  with  the  potash-salt.  The  mother-Uquor  contained  one  or  more 
salts  of  different  composition,  but  they  could  not  be  separated  or  obtained  in  distinct 
crystals.  (Rammelsberg.) 
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AmmoniO'Cadmic  Oxalate.-^  Recently  precipitated  cadmic  oxide  dis- 
solves when  boiled  with  a  solation  of  neutral  oxahite  of  ammonia,  and 
the  liquid  on  cooliug  deposits  the  double  salt  in  indistinct  crystalline 
masses.  This  salt  decomposes  when  heated  in  a  covered  crucible,  ammo- 
nia being  evolved  and  cadmium  reduced,  part  of  which  volatilises;  on 
opening  tlie  crucible,  Uie  mass  boms  with  a  glimmering  light,  and  forms 

brown  cadmic  oxide.  (Bammekberg,  Fo^.  95,  196.) 

Rammelsberg. 

5CW 180  ....  42-90  42-76 

CdO 64  ....  15-19  15-89 

4NH<0  104  ....  24-78  25*01 

8  HO  72  ....  17-13 

4(NH^0,C»0»)  +  (CdO,C?0«)  t  8Aq.    420    ....  100-00 
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Pasre  152. 


•o 


Stamums  oaro^^.— -According  to  an  analysis  by  Liirmann,  this  salt 

is  anhydroos. 

Llirmanii* 

2SnO 136     ....     65-37     64  45 

C*0« 72     ....     34-63    3500 

C*Sd«0«  208     ....  10000    99-45 

AmmcmiO'tUiniwui  Oxalate.  —  Colourless  transparent  crystaU^  the 
form  of  which  conld  not  be  determined,  but  appears  to  be  identical  with 
that  of  the  potash-salt,  {tnf.)  Analysis  gave  40*23  p.  c.  oxalic  acid,  and 
28*63  stannous  oxide,  agreeing  with  that  of  Hansmann  A  Lowenthal. 
(Rammelsberg,  Po^fg,  95,  195.) 

FoUutiO'Stannous  Oxalate.  —  Obtained  by  precipitating  protochloride 
of  tin  with  oxalic  acid,  and  boiling  the  precipitate  with  a  solntion  of 
neutral  oxalate  of  potash.  Separates  from  the  solution  in  tranaparent 
crystals,  mostly  very  small :  they  belong  to  the  doubly  oblique  prismatic 
system.  (Rammelsberg.) 


LUrmanii. 

SnO  

68 

34*66    ... 

34-79 

KG    

47 

....     24*05    ... 

24-17 

C<0« 

72 

....     36-70     ... 

36-93 

HO    

9 

....       4-59 

C*SiiK08  

196 

....  10000 

The  analysis  agrees  with  that  of  Uausmann  &  Lowenthal. 

Totassio-^obalUyua  Oxalate,  —  Oxalate  of  cobalt  dissolves  in  a  solntion 
of  neutral  oxalate  of  potash,  forming  a  red  liquid,  which  deposits  a 
double  salt  in  small  deep  red  crystals.  Rhombic  prisms,  with  truncated 
acute  lateral  edges  and  four-siaed  summits,  the  acute  lateral  edges  of 
these  summits  being  also  truncated  by  fiEioes  resting  on  the  lateral  edges 
of  the  prism.  Being  very  small,  and  having  but  little  lustre^  it  was 
found  impossible  to  measure  them  exactly,  or  to  determine  whether  they 
belong  to  the  right  or  the  oblique  prismatic  system.  They  dissolve  in 
water,  forming  a  clear  solution.  (Rammelsberg,  Fogg.  95,  197.) 

CryttaU,  Rammelsherg. 

CoO   37-5  ....  17-79  18-37 

KO 47*0  ....  22*38  21»13 

CH)«    72*0  ....  34*18  33*40 

6  HO 54*0  ....  25*65 

OCoKO^  +  6Aq 210*0    ....  100-00 

Pi^amumrnichel  Oxalate.  —  Obtained  like  the  cobalt-salt  in  green 
indistinct  crystals  of  analogous  composition.  (Rammelsberg.) 

Cryttali,  Rammelsberg. 

NiO    37-5  ....  17-82 17-98 

KO 47*0  ....  22-38  22-23 

C*0« 72-0  ....  34-18  34-04 

6  HO 540  ....  25-62 

C*NiK0»  +  6Aq 210*5    ....  10000 


OXALATES.  533 


Page  165. 

Ammonio'Cupric  Oxalate.  —  By  heating  cnpric  oxalate  with  neutral 
oxalate  of  ammonia,  this  salt  is  ootained  in  small  but  well  defined  rhom- 
boidal  prisms,  belonging  to  the  doubly  oblique  prismatic  system,  and 
isomorphous  with  those  of  the  potash-salfc  with  2  At.  water.  Some- 
times macle-crystals  are  obtained.  (Rammekberg.) 

Cry$taU,  Lurmann. 

CuO  40  ....  25-64 25-31 

NH^O    26  ....  16  67  16-72 

C*H«  72  ....  46-15  45-60 

2  HO    18  ....  11-54 


C<(Cu,NH4)0»  +  2Aq 156    ....  lOO'OO 

The  analysis  agrees  nearly  with  that  of  Vogel  (iz.  165.) 

PoUtssio-cupric  Oxalate,  —  a.  WM  2  At.  wafw.  —  Cupric  oxalate 
obtained  by  precipitating  the  acetate  with  oxalic  acid,  is  boiled  with  a 
solution  of  neutral  oxalate  of  potash,  so  as  to  saturate  the  latter  as  com- 
pletely as  possible.  On  cooling,  the  double  salt*  separates  in  crystals, 
belonging  to  the  double  oblique  prismatic  system,  and  haying  the  colour 
of  .blue  vitriol.  The  salt  is  decomposed  by  water,  with  separation  of 
cupric  oxalate.  (Rammelsberg,  Fogg.  95,  184.) 

LUrmann. 

CuO   40-0     ....     22-57     22-42 

KO 47-2     ....     26-64     26-09 

C*0«  72  0    ....    40-63     3954 

2  HO 18-0     ....     10-16 

C<CuK0«+2Aq 177-2     ....  100-00 

The  water  is  wholly  expelled  at  lOO"".  At  200°  the  salt  begins  to 
decompose,  and  if  the  air  be  excluded,  leayes  a  mixture  of  carbonate  of 
potash  and  cuprous  oxide.  —  In  an  experiment  in  which  the  salt  was  ignited  in  a 
small  retort,  the  residue  amounted  to  57*8  p.  c.  Supposing  this  to  contain  39'41  pts. 
of  carbonate  of  potash,  there  remains  18*7  for  the  copper  and  oxygen.  Now  22*57 
CuO  B  20-31  Cu'O.  The  experiment  gave  somewhat  less,  and  yet  no  metallic  copper 
could  be  detected  in  the  residue.  (Rammelsberg.) 

h.  With  4  At.  Water.  C^CuKO^  +  4Aq.  The  needle-shaped  salt 
described  by  Vogel.  It  is  often  deposited  after  the  preceding,  but  some- 
times alone,  especially  when  the  solution  contains  an  excess  of  oxalate 
of  potash,  a  circumstance  likewise  obserred  by  Vogel.  The  crystals  do 
not  admit  of  exact  measurement,  partly  from  their  smallness,  partly 
from  the  rapidity  with  which  they  effloresce.  They  are  extremely  thin 
six-sided  prisms,  in  Which  angles  of  108^  52'  and  72''  30'  have  been 
observed.  LUrmann^s  analysis  gives  20*63  p.  c.  CuO  and  23*42  KO. 
(Rammelsberg.) 

leomorphotts  mixture  of  Ammonio'Cupric  and  Potamo-cupric  Oxalata, 
— When  cupric  oxalate  is  heated  in  a  mixed  solution  of  the  oxalates  of 
ammonia  aud  potash,  crystals  are  obtained,  haying  the  form  of  either  salty 
and  containing  2  At.  of  the  ammonia-salt  with  3  At.  of  the  potash-salt. 
(Rammelsberg.) 
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LfUmiuui. 

CuO    400    ....    23-70  2396 

|K0 28-3    ....     16-78  17-56 

4NH<0 10-4     ....      6-17  6-90 

C^ 720     ....     42-68  41-27 

2  HO 18-0    ....     10-67 


C*Cii|Kf(NH*)0«  +  2Aq 168-7     ....  100-00 
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(Monde  of  Othyl  (ilce<yZ)  —  C*H>0»,Cl.  — According  to  H.  Riiter, 
{Ann,  Fkarm.  95,  208,)  Gerhardt*s  method  of  preparing  this  componnd  by 
the  action  of  oxychloride  of  phoaphorud  on  acetate  of  soda,  never  jields 
the  calculated  quantity,  because  a  considerable  quantity  of  anhydrous 
acetic  acid  is  formed  at  the  same  time;  the  formation  of  the  latter  product 
may  be  diminished  by  gradually  adding  the  acetate  of  soda  to  the  oxychlo- 
ride,  but  cannot  be  preyented  altogether.  But  with  glacial  acetic  acid  and 
pentachloride  of  phosphorus,  the  choride  of  othyl  may  be  readily  obtained 
in  a  state  of  purity,  and  in  large  quantity.  1  At.  glacial  acetic  acid  is  added 
by  separate  portions  to-1  At.  pentachloride  of  phosphorus  contained  in  a 
tubulated  retort.  Each  portion  added  produces  effervescence  from  escape 
of  hydrochloric  acid  gas,  and  a  large  portion  of  the  chloride  of  othyl 
distils  oyer.  The  remainder  and  the  resulting  oxychloride  of  phosphoros 
are  driyen  into  the  receiyer  by  gentle  heat,  and  the  two  liquids  separated 
by  distillation,  the  separation  being  easily  effected,  as  their  boiling  points 
differ  considerably.  The  mixture  which  ultimately  remains  in  the 
retort,  may  be  utilised  for  the  preparation  of  anhydrous  acetic  acid,  by 
distillation  with  acetate  of  soda. 

C*H*0<  +  PCI*  «  C*H«0»C1  +  PCIW  +  HCl 

Anhydrous  acetic  acid,  distilled  with  pentachloride  of  phosphorus, 
likewise  yields  chloride  of  othyl,  but  without  formation  of  hydrochloric 
acid. 

Oxychloride  and  terchloride  of  phosphorus  do  not  act  upon  glacial 
acetic  acid.  (Ritter.)  According  to  Bechamp,  on  the  other  hand,  ter- 
chloride of  phosphorus  acts  both  on  monohydrated  and  npon  anhydrous 
acetic  acid,  forming  chloride  of  othyl  (p.  487). 

bromide  of  Othyl,  —  .C*ff  0',Br.  —  1  At.  glacial  acetic  acid  and  1  At. 
pentabromide  of  phosphorus  form  bromide  of  othyl,  oxybromide  of 
phosphorus,  and  hydrobromic  acid. 

OH*0*  +  PBi*  «  C*H»0»Br  +  PBr»0»  i-  HBr. 

Colourless  strong-smelling  liquid,  which  instantly  turns  yellow  on 

eiq>08iire  to  the  air.    A  drop  of  it  placed  on  the  skin  colours  it  yellow, 

and  imparts  to  it  a  persistent  odour,  like  that  of  phosphnretted  hydrogen. 

Water  quickly  decomposes  it,  forming  hydrobromic  and  acetic  acid. 

Boils  at  about  81^ 

Ritter. 

P*HW  43    ....    34-96 

Br 80    ....    6504    65-00 

C*H»0»Br 123    ....  100-00 
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The  attempt  to  obtain  Iodide  of  Othyl  in  the  puro  state  was  not 
successful.  Iodide  of  mercnry  or  silver^  heated  with  chloride  of  othyl 
in  a  sealed  tube,  at  the  temperatare  of  the  water-bath,  for  several  days 
produced  no  perceptible  action. — When  iodine  and  phosphorus  were 
added  alternately  to  glacial  acetic  acid,  and  the  liquid  distilled,  a  large 
quantity  of  hydriodic  acid  was  evolred,  and  a  liquid  strongly  coloured 
by  iodine  distilled  over  below  100°;  but  it  continually  gave  off  hydriodic 
acid,  and  did  not  exhibit  a  constant  boiling  point,  even  after  several  recti- 
fications. The  phosphorus  was  completely  converted  by  this  reaction 
into  the  red  modification.  —  It  might  be  expected  that  iodide  of  othyl  would  be 
produced  by  the  simultaneous  action  of  the  iodine  and  terchioride  of  phosphorus  on 
glacial  acetic  acid,  according  to  the  equation : 

C*H^*  +  PCP  +  tl  -  C<H»0«I  +  PCIW  +  HI. 

but  the  process  yields  nothing  but  biniodide  of  phosphorus.  (Ritter.) 


Page  216. 

Comhurent  properties  of  Per  chlorinated  Ether,  C*C1*0.  —  When  per- 
cfalorinated  ether  acts  upon  an  organic  salt  containing  a  volatile  acid, 
the  two  bodies  decompose  each  other,  the  perchlonnated  ether  being 
reduced  to  protochloride  of  carbon,  C^Cl^  the  metal  being  converted  into 
chloride,  and  the  other  elements  arranging  themselves  in  such  a  manner 
as  to  produce  the  normal  [monohydrated  acid],  together  with  carbonic 
acid  and  combustible  gases.     Thus  with  acetate  of  soda : 

C*C1«0  +  2C<H'NaO*  =  2C<a*+  2NaCl  +  C«H<CH  +  (2C0»  +  2CO  +  H). 

Similarly  with  the  buty rates,  valerates,  benzoates,  succinates,  pyrooitrates, 
phthalates,  camphorates,  and  salicylates.  The  alkaline  salicylates,  how- 
ever, exhibit  an  exception  in  this  respect,  that,  instead  of  salicylic  acid, 
there  is  formed  a  mixture  of  various  substances  soluble  in  alkalis,  which 
have  not  been  further  examined.  ^- With  the  formiates,  the  result  is 
more  simple,  inasmuch  as  the  oxygen  and  chlorine  present  are  sufficient 
for  the  complete  combustion  of  the  elements  of  the  salt;  thus, 

C*CI*0  +  (?HNaO<  =  2C0«  +  HO  +  NaCl  +  OCl^ 

With  the  salts  of  bibasio  acids,  e»  g,  camphoric  acid,  a  similar  reaction 
occurs,  excepting  that,  instead  of  the  hydrated  acid,  there  is  obtained  a 
mixture  of  the  anhydrous  acid  [anhydride]  with  water.  (Malaguti, 
Compt.  rend,  41,  625.) 
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Page  247. 

Acetylium.    C*NH«  =  N  |  h,h,h,(C*h»)| 

J.  Natakson.    Ann,  Pharm.  92^  48;  Ckem,  Soc.  Qu*  J,  8,  150. 
A  ceiyiammonium. 

Obtained  id  the  fonn  of  chloride  by  the  action  of  chloride  of  ethjlene 
(chloride  of  acetyl  and  hydrogen)  on  ammonia  at  high  temperatares  : 

C^H»Cl,Ha  +  2NH»  =  NH^Cl  +^*|J3}n,CI. 

When  1  pi  of  chloride  of  ethylene  and  5  pts.  of  strong  ammonia  are 
enclosed  in  a  sealed  tube,  and  heated  in  an  oil-bath  to  150°  (no  action 
takes  place  at  100°),  the  chloride  of  ethylene  is  completely  absorbed  in 
a  few  nonrs,  and  the  whole  converted  into  a  yellow,  watery,  homogeneons 
liquid.  On  opening  the  tube,  the  odour  of  chloride  of  ethylene  is  no 
longer  perceptible;  and  if  the  liquid  be  left  to  evaporate  over  oil  of 
vitriol,  or  in  a  warm  place,  sal-ammoniao  separates,  and  a  motheMiquor 
is  obtained,  which  yields  nothing  but  water  and  ammonia  by  distillation 
with  hydrate  of  lime,  and  therefore  does  not  contain  any  vomile  organic 
base;  but  on  treating  it  with  recently  precipitated  oxide  of  silver, 
evaporating  the  filtrate  to  dryness  at  a  gentle  heat  to  expel  the  ammonia, 
and  exhausting  the  residue  with  water,  a  solution  is  obtained,  having  a 
strong  alkaline  reaction,  and  therefore  indicating  tho  presence  of  a  non- 
volatile base.  This  solution  blackens  on  exposure  to  the  air,  and 
deposits  reduced  silver;  and  on  removing  the  silver  by  snlphnretted 
hydrofi'en,  expelling  the  excess  of  that  gas  from  the  filtrate  by  beat, 
neutralising  the  liquid  with  sulpkuric  acid,  decomposing  the  sulphate 
with  caustic  baryta  (taking  care  to  avoid  an  excess),  and  extracting 
with  alcohol,  the  bnse  is  obtained  in  the  free  state. 

Hydrated  oxide  of  Acetylium  thus  obtained  is  a  yellowish,  inodoroos, 
viscid  mass,  which  dissolves  readily  in  water  and  alcohol.  It  is  charred 
by  heat,  giving  off  a  faint  but  characteristic  odour.  The  aqueous 
solution  has  a  strong  alkaline  reaction,  a  slightly  caustic  taste,  and  when 
boiled,  gives  off  the  peculiar  faint  odour  of  alkaline  solutions.  It  absorbs 
carbonic  acid  from  the  air,  and  afterwards  effervesces  with  acids.  It 
expels  ammonia  from  animoniacal  salts.  Does  not  dissolve  alumina. 
Dissolves  oxide  of  silver  with  great  facility,  but  the  silver  is  quickly 
reduced  when  the  liquid  is  heated. 

Calcuiaiion, 

4  C 24  ....  39-34 

N 14  ....  22*96 

7  H^ 7  ....  11-48 

2  O 16  ....  26-22 

^^J}nO,HO  61     ....  100-00 


respects 


Metameric  \iith  aldehyde-ammoiiia,  NH^C^H^O',  vrith  which  it  agrees  in  cfrtain 
>cts,  e,g.,  in  its  reactions  with  8ilver*salts  {i^f.)',  it  is  however  sufficiently  diatin* 
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guisbed  by  its  iixityi  its  basic  properties,  and  its  permanence  in  the  presence  of  acids  and 
alkalis.  It  is  the  first  example  of  a  fixed  organic  base  of  the  ammonium-type  in  which 
only  one  of  the  hydrogen-atoms  of  the  ammonium  is  replaced  by  an  organic  radical. 

The  salts  of  acetylium  are  yeir  hygroscopic^  becoming  moist  in  a  few 
seconds  after  drying;  hence  their  analysis  presents  great  difficulties. 
Alcohol  precipitates  them  from  their  aqueous  solutions.  They  are  all 
insoluble  in  ether.  They  are  decomposed  by  aqueous  ethylamine  at 
ordinary  temperatures;  but  on  boiling  the  liquid^  the  ethylamine  is 
expelled,  in  consequence  of  its  rolatility. 

When  ammonia  and  nitrate  of  silrer  are  added  to  a  solution  of 
the  base  or  of  either  of  its  salts,  and  the  liquid  is  boiled  for  some 
time,  an  extremely  beautiful  specular  deposit  of  silver  is  formed.  This 
reaction  is  slower  with  the  chloride  than  with  the  other  salts,  because 
the  separated  chloride  of  silver  is  difficult  to  reduce.  —  When  nitrite  of 
silver  is  added  to  a  solution  of  the  chloride  of  acetylinm,  and  the 
liquid  heated,  aldehyde  is  copiously  evolved,  especially  on  addition  of  a 
few  drops  of  sulphuric  acid  : 

ONH«0  +  N0»  =  Cm^O'  +  2N  +  2H0. 

Sulphate  of  Aeetyliiim,  — Precipitated  by  alcohol  from  a  moderately 
concentrated  aqueous  solution  in  white  flakes;  from  a  stronger  solution 
as  a  non-miscible  yellow  liquid.  Has  a  slight  acid  reaction,  even  if  the 
aqueous  solution,  before  precipitation,  has  been  made  alkaline  by  excess 
of  base.     When  dried,  it  forms  a  yellow  viscid  mass. 

Dried  at  100<».  Natanson. 

C^NHfiQ  52     ....     56-53 

S0»   40    ....     43-47     40-77     ....     4M3 

C*NH«0,SO»  92     ....  10000 

The  deficiency  of  sulphuric  acid  arises  from  the  great  difficulty  of  drying  the  salt. 
Such  an  analysis  not  being  sufiicient  to  establish  the  constitution  of  the  salt,  confirma- 
tion was  sought  in  the  relative  quantities  of  carbonic  acid  and  nitrogen  obtained  by 
combustion.  The  ratio  found  by  experiment  was  N  :  CO>  s  1-391;  calcuhition 
giving  1  :  4. 

Nitrate.  —  Resembles  the  sulphate. 

Chloride.  —  The  formation  of  this  salt  has  been  already  described. 
It  may  also  be  obtained  by  neutralising  the  solution  of  the  oxide  with 
hydrochloric  acid.  Its  aqueous  solution  does  not  mix  in  the  concentrated 
state  with  alcohol,  but  remains  as  a  heavy  stratum  at  the  bottom;  but 
in  the  dilute  state,  the  chloride^  unlike  the  other  salts,  is  not  precipitated 
by  alcohol. 

Mer(nirr/'8aU.^^CoTro8iye  sublimate  added  to  the  chloride  forms  a 
white  precipitate,  very  sparingly  soluble  in  cold,  but  dissolving  pretty 
readily  in  hot  water,  and  separating  out  again  on  cooling;  it  is  insoluble 
in  alcohol. 

GoId-saU,  —  Chloride  of  gold  forms  with  chloride  of  acetylinm  an 
oranpre-yellow  amorphous  precipitate,  which  dissolves  readily  when  the 
liquid  is  heated,  but  is  decomposed  almost  immediately,  the  gold  being 
reduced  to  the  metallic  state. 

PlatinumrsaU.  —  Bichloride  of  platinum  forms  with  chloride  of  acety- 
linm a  deep  orange-yellow^  filmy  precipitate,  which  afterwards  cakes 
together. 
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Natanson. 

C<NH« 44-0    ....    17-66 

Pt 990     ....    39-73    «.     38-22 

3  Ci 106-2     ....     42-61 

C<NH«Cl,PtCP  249-2     ....  100-00 

Oxalate.  —  Precipitated  by  alcohol  from  the  aqaeous  solation,  in  the 
form  of  a  white  gelatinous  precipitate,  which,  if  the  solation  is  coDceo- 
trated;  conrerts  the  liquid  into  a  pastj  mass.  (Natanaon.) 


Page  300. 

Fvlminaiing  Mercury.  —  Liebig  {Ann.  Pharm.  95,  284)  gives  the 
following  process  for  preparing  this  compound :  3  pts.  of  mercury  are 
dissolved  in  36  pts.  of  nitric  acid  of  sp.  gr.  1  '34  to  1  *345,  in  a  wide  fg^saa 
flask  capable  of  holding  at  least  18  times  the  quantity  of  liquid  actually 
used,  so  that  the  greater  part  of  the  cooled  nitrous  acid  gas  may  remain 
within  it.  As  soon  as  the  metal  has  completely  diss4>peared,  the  solution 
is  decanted  into  a  second  vessel  containing  17  pts.  of  alcohol  of  90*^ 
to  92°  (Tralles),  then  immediately  poured  back  again  into  the  first 
vessel,  and  briskly  agitated  to  promote  the  absorption  of  the  nitrous 
acid.  In  5  to  10  minutes,  gas-bubbles  begin  to  rise,  and  there  is  formed 
at  the  bottom  of  the  vessel  a  strongly  refracting,  specifically  heavier 
liquid,  which  must  be  mixed  with  the  rest  by  gentle  agitation.  A 
moment  then  arrives  when  the  liquid  becomes  black  from  separation  of 
metallic  mercury,  and  an  extremely  violent  action  is  set  up,  with 
evolution  of  a  thick  white  vapour,  and  traces  of  nitrous  acid;  this  action 
must  be  moderated  by  gradually  pouring  in  17  pts.  more  of  the  same 
alcohol.  The  blackening  then  immediately  disappears,  and  crystalline 
f ulmipating  mercury  begins  to  separate;  towards  the  end  of  the  operation, 
the  little  crystals  are  Kept  fioating  on  the  surface  in  curdy  masses  by 
the  rising  gas-bubbles,  which  however  escape  as  the  alcohol  is  poured  in, 
so  that  ultimately,  when  the  liquid  has  cooled,  all  the  fulminating 
mercury  is  found  at  the  bottom.  By  this  method,  not  a  trace  of  mercury 
is  left  in  solution,  and  the  quantity  of  fulminating  mercury  obtained  is 
exactly  that  which  calculation  assigns,  viz.  4-6  pts.  (Liebig.) 

Schischkoff  (Bull,  de  St.  Peter^.  01.  Phys.  Math,  14,  98;  Ann. 
Pharm.  97, 53;  Chem.  Oaz.  1855,  420,)  has  analysed  fulminating  mercuty 
prepared  from  a  solution  of  mercury  in  excess  of  nitric  acid,  and  obtained 
results  agreeing  with  the  formula  C*N«Hg»0*  (or  C*NXHg»,  ix.  301). 
By  recrystallisation  from  water,  the  salt  is  obtained  in  white  or  slightly 
yellowish  silky  needles,  which,  when  dried  at  100°,  contain  1  At.  water 
of  crystallisation.  The  drying,  even  at  this  temperature,  is  attended 
with  the  greatest  danger. 

Anhydrcw,  flohiaohkoff. 

4C 24  ....      8-46     8-48  ; 

2N    28  ....       9-86     9*92 

2  Ug 200  ....  70-42    70-33 

4  0    32  ....  11-27  r 11-27 


C<N«Hg«0<    284    ....  100-00    100-00 
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Hydrated  (at  1 00**).  Schischkoff. 

4  C 24     ....  8-19 

2N    28    ....  9-56 

2  Hg 200     ....  68-26    68-25 

4  0 32     ....  10-92 

HO 9     ....  3-07 

C^N^HgW  +  Aq  293     ....  10000 

[The  mercnry-detenniDattoiis  formerly  g:iTen  by  Liebig  and  by  Howard  (iz.  301) 
wera  probably  made  npon  the  hydrated  salt ;  but  they  are  too  small  even  for  that.] 

A  slightly  heated  solution  of  mercuric  nitrate^  acidalated  with  nitric 
acid,  dissolves  a  large  quantity  of  fulminating  mercury;  at  a  higher 
temperature,  violent  evolution  of  carbonic  acid  and  nitrogen  takes  place, 
and  a  yellow  precipitate  is  formed,  which  is  blackened  by  ammonia,  and 
when  the  mercury  is  separated  from  it  by  sulphuretted  hydrogen,  yields 
a  mixture  of  two  acids.  When  the  operation  is  complete,  the  filtrate 
contains  a  large  quantity  of  roercurous  nitrate. 

The  two  acids  thus  obtained  may  be  separated  by  adding  ammonia, 
evaporating  to  dryness,  and  treating  the  residue  with  absolute  alcohol. 
The  undissolved  portion,  recrystallised  from  water,  forms,  with  lime  and 
baryta  salts,  a  precipitate  containing  nitrogen,  and  an  extremely  explo* 
sive  salt  with  silver.  The  portion  which  dissolves  in  the  alcohol  does 
not  precipitate  lime-salts;  with  nitrate  of  silver,  it  forms  a  detonating 
salt  also  containing  nitrogen.  These  two  acids  appear  to  be  identical 
with  those  which  are  obtained  by  the  action  of  nitrous  acid  and  of 
hydrochloric  acid  and  the  alkalis  on  folminnric  acid  (p.  557);  the 
mercuric  nitrate,  in  passing  to  the  state  of  mercorons  salt,  acts  upon  the 
fulminating  mercury  in  the  same  manner  as  nitrons  acid,  more  readily 
however,  because  the  fulminating  mercury  is  in  solution.   (Schischkoff.) 

A  solution  of  caustic  potash,  even  when  very  concentrated,  has  no 
action  upon  fulminating  mercury  at  ordinary  temperatures;  but  if  the 
potash  be  heated,  and  the  fulminating  mercury  added  by  small  portions, 
a  violent  action  takes  place  at  each  addition,  the  liquid  boiling  strongly, 
and  an  olive-green  precipitate  being  formed:  cyanate  of  potash  remains 
in  solution.  No  ammonia  is  evolved  during  this  reaction;  but  when  the 
operation  is  ended  and  the  excess  of  potash  neutralised  by  an  acid,  the 
liquid  is  found  to  contain  a  large  quantity  of  ammoniacal  salt.  A  portion 
of  the  nitrogen  is  contained  in  the  olive-green  precipitate;  for  when  this 
precipitate  is  dissolved  in  hydrochloric  acid,  the  salt  NH*Cl,2HgCl  -|-  HO 
IS  formed,  besides  mercuric  chloride,  and  crystallises  on  evaporation.  — 
The  olive-green  precipitate  was  formerly  supposed  to  be  mercurous  oxide, 
and  on  this  account  some  chemists  regarded  fulminating  mercury  as  a 
inercnrous  salt.  This  supposition,  however,  is  negatived,  both  oy  the 
composition  of  fulminating  mercury,  and  by  its  solubility  in  hydrochloric 
acid.  (Schischkoff.) 

Fulminating  mercury  forms  crystalline  compounds  with  the  chlorides 
and  iodides  of  the  alkali-metals.  When  gently  heated  with  a  dilute 
solution  of  iodide  of  potassium,  it  dissolves,  forming  a  yellow  solution, 
which  at  a  stronger  heat  becomes  darker,  and  afterwards  cherry-red.  In 
both  cases,  small,  white  shining  laminae  separate  on  cooling.  These 
crystals  are  highly  explosive;  become  red  when  exposed  to  light  in  a  dry- 
state,  from  formation  of  small  crystals  of  mercuric  iodide;  and  are  insoluble 
in  water  and  alcohol.  They  contain  52*4  per  cent,  of  mercury,  approxi- 
mating to  the  formula  KI,2C*N*Hg'0*,  which  requires  54 "4.  —  The 
chloriaes  of  potassium,  sodium^  and  ammonium,  form  similar  compounds, 
under  the  same  circumstatices*  (Schisehkoff.) 
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When  fulmiDatiDg  mercary  is  boiled  with  a  solution  of  chloride  or 
iodide  of  potassium,  the  fulminic  acid  is  converted  into  a  new  acid, 
fvlminarlc  acid,  C*N'H'0*,  isomeric  with  cyanuric  acid.  (Liebig,  Schiscb- 
koff.)  —  According  to  Liebig  {Ann,  Pharm.  95,  283),  when  fulminatin;^ 
mercury  recently  precipitated,  well  washed,  and  still  moist,  is  boiled  with 
a  yery  dilute  solution  of  the  chloride  of  an  alkali-metal,  it  dissolves  com- 
pletely after  a  quarter  of  an  hour*s  boiling;  but  soon  afterwards  decom- 
position takes  place,  attended  with  separation  of  light  yellow  mercuric 
oxide,  and  the  liquid  filtered  after  the  precipitate  has  settled  down,  eon- 
tains  a  fulminurate  of  the  alkali^  together  with  chloride  of  mercury: 

SCWHg'O*  +  2KC1  +  4H0  =-  2C«NXKH3)0*  +  4HgO  +  2HgCI. 

fulminating;  fulminurate  of 

mercury.  potash. 

The  mercury  may  be  precipitated  from  the  filtrate  by  ammonia,  and  the 
liquid,  after  sufficient  concentration  and  cooling,  yields  crystals  of  the 
alKaline  fulminurate. — Schischkofi',  who  added  the  fulminating  mercury 
to  a  boiling  and  nearly  saturated  solution  of  chloride  of  potassium,  gives 
a  different  view  of  the  process.  According  to  his  observationsj  the  yellow 
precipitate  formed  during  the  reaction  is  not  mercuric  oxide,  but  is  a 
somewhat  indefinite  product,  containing  about  2  p.  c.  carbon,  3*1  nitrogen. 
9  to  9*2  chlorine,  and  81*5  to  83'6  mercury,  besides  hydrogen  and  oxygen. 
Now,  as  the  fulminurate  of  potash  is  the  only  organic  substance  contained 
in  the  solution,  it  follows  that  all  the  carbon  and  nitrogen  of  the  fulminic 
acid  not  employed  in  the  formation  of  the  fulminuric  acid,  most  be  con- 
tained in  the  yellow  precipitate,  and  in  the  ratio  of  2  At.  C  to  1  At  N, 
which  is  not  very  far  from  that  of  the  numbers  above  given.  It  may  be 
supposed  then  that  2  At,  fulminic  acid  are  resolved  into  1  At.  fulminuric 
and  1  At.  cyanic  acid : 

2C*N«Hg»0«  +  2Ka  +  2H0  »  C«N»KH«0«  +  C?NK0«  +  2HgCl  +  2HgO; 

fulminurate  of     cyanate  o 
potash.  potash. 

and  that  the  yellow  precipitate  is  formed  by  the  mutual  action  of  the 
chloride  and  oxide  of  mercury  and  the  elements  of  cyanic  acid  .in  presence 
of  water. 

The  yellow  precipitate  is  amorphous,  insoluble  in  water,  and  decern' 
poses  without  detonation  when  heated,  water  being  first  given  off,  then 
carbonate  of  ammonia,  and  lastly,  at  a  stronger  heat,  a  sublimate  of  mer- 
curous  chloride,  and  a  small  quantity  of  metallic  mercury.  It  does  not 
give  off  ammonia  when  heated  with  potash-ley,  or  even  change  colour 
when  boiled  with  that  liquid;  but  when  heated  with  sulphide  of  potas- 
sium, it  readily  gives  off  ammonia.  —Oil  of  vitriol  diluted  with  an  equal 
amount  of  water,  does  not  act  upon  the  yellow  precipitate  at  ordinary 
temperatures;  but  on  the  application  of  neat,  a  small  quantity  of  car- 
bonic acid  is  driven  off,  and  at  the  end  of  the  operation,  ammonia  remains 
in  the  liquid,  together  with  a  small  quantity  of  mercurous  salt, — strong 
hydrochloric  acid  dissolves  the  yellow  precipitate,  leaving  only  a  small 
residue  of  calomel;  the  filtrate,  which  does  not  give  off  ammonia  when 
mixed  with  caustic  potash,  solidifies  on  cooling  to  a  pulpy  mass  of  long 
silky  needles  of  the  salt  NH^Cl,2H^l  +  4H0  (analysis  gave  3*81  p.  c. 
N  and  59*11  Hg,  the  formula  requiring  4*17  N  and  59*70  Hg);  corrosive 
sublimate  crystallises  out  at  the  same  time.  —  The  yellow  precipitate  is 
decomposed  by  sulphuretted  hydrogen,  sulphide  of  mercury  being  sepa- 
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rated  and  an  acid  liquid  remaining,  which  on  cooling  yields  crystals  of 
sal-ammoniac,  contaminated,  however,  with  an  organic  acid.  —  The  yellow 
precipitate  heated  with  iodide  of  potassium,  turns  brown,  and  gives  off 
ammonia,  part  of  the  mercury  passing  into  the  solution,  and  the  liquid 
containing  carbonate  of  potash.  An  excess  of  chloride  of  potassium  acts 
like  the  iodide,  though  less  strongly;  hence,  as  an  excess  of  the  chloride 
is  required  for  the  preparation  of  nilmiuurate  of  potash  (see  page  559), 
this  excess  must  affect  the  constitution  of  the  yellow  precipitate.  That 
this  precipitate  is  not  a  body  of  perfectly  definite  constitution,  is  likewise 
shown  by  its  always  leaving  a  certain  quantity  of  chloride  of  potassium 
when  sublimed,  even  after  long-continued  washing  with  boiling  water; 
also  by  its  behaviour  with  hydrochloric  acid  and  sulphuretted  hydrogen 
(Schischkoff.) 

Iodide  of  potassium  acts  like  the  chloride.  When  a  solution  of 
fulminating  mercury  in  iodide  of  potassium  is  heated  to  the  boiling  point, 
it  gradually  acquires  a  darker  colour,  and  deposits  an  abundant  brown 
precipitate  containing  mercuric  iodide.  The  filtrate  evaporated  over  the 
water-bath,  gives  off  ammonia  at  a  certain  degree  of  concentration;  and  as 
the  liquid  cools,  crystals  of  mercuric  iodide  are  deposited,  together  with 
crystals  of  fulmiuurate  of  potash.  The  evolution  of  ammonia  appears  to 
arise  from  the  decomposition  of  the  brown  precipitate.  (Schischkoff.) 

Fulminating  silver  treated  with  excess  of  chloride  or  iodide  of  potas- 
sium, does  not  yield  fulminuric  acid;  half  of  the  metal  separates  out 
immediately,  whilst  the  other  half  remains  in  solution,  and  the  liquid, 
even  after  long  boiling,  yields  nothing  but  a  double  fulminate  of  silver 
and  potassium.    (Schischkoff.) 


Page  377. 

Acetate  of  Aetyl  C"H«0*  =  C*H»(C«H*)0*.— ^ce/a/<?  of  PropylenyU 
Acetopropylenyl  (Zinin);  Acetate  of  AllyU  —  Formed  by  the  action  of  iodo- 
propylene  C*H*I  (iodide  of  acryl)  on  acetate  of  silver. 

C^H^AgO*  +  C»H*I  -  Agl  +  C^H3(C6H«)0<. 

When  pure  and  well-dried  acetate  of  silver  is  mixed  in  a  retort  with 
rather  lees  than  an  equivalent  quantity  of  iodopropylene  and  the  mixture 
sliaken  up,  the  action  begins  in  a  few  minutes,  attended  with  sufficient 
evolution  of  heat  to  distil  off  nearly  all  the  resulting  acetate  of  acryl. 
Any  undecomposed  iodopropylene  that  may  pass  over  may  be  decomposed 
by  returning  the  distillate  to  the  residue  m  the  retort,  and  the  acetate  of 
acryl  obtained  in  the  pure  state  by  subsequent  distillation  between  100° 
and  115*^,  and  rectification,  first  over  acetate  of  silver,  then  over  oxide  of 
lead,  and  lastly  by  itself. 

Colourless  liquid,  lighter  than  water,  neutral,  having  an  odour  like 
that  of  acetate  of  ethyl,  but  rather  pungent,  and  a  sharp  ethereal  taste. 
Boiling  point  105°,  being  about  as  much  above  that  of  acetic  ether 
(viii.  497)y  as  the  boiling  point  of  iodide  of  acryl  (ix.  427)i  is  above  that 
of  iodide  of  ethyl  (viii.  860.)  Dissolves  sparingly  in  water,  but  in  all 
proportions  in  alcohol  and  ether.  (N.  Zinin,  Fetcrsb.  Acad.  Bull,  13, 36*0; 
Ann,  Fharm.  96,  361.) 
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10  c 

8  H 

60 

8 

....          O       •.• 

....          Am         ... 

Zmui* 

59-66    ....     60-00 

8-21     «..       8*29 

4  O 

32 

32-13     ....     31-71 

C'^HK)* 

100 

■  >.«      XW         ... 

100-00    ....  lOO-OO 

BeTizoaU  ofAcryl,  C"H'(C*H')0*,  ia  obtained  in  a  similar  manner  by 
the  action  of  benzoate  of  silver  on  iodopropylene.  (Zinin.) 

Hydrarffduryl.  CH'Hg*.  —  HydrarffOprapylenfl  (Zintii);  BfdrargaU^L  ^-^ 
lodopropylene  combines  with  roercaiy  much  more  readily  than  iodide  of 
methyl  or  ethyl,  the  mixture  quickly  solidifying  to  a  yellow  crystailiBe 
mass,  from  which  the  iodide  of  hydragacryl  is  easily  extractea  by  hot 
alcohol  or  ether,  and  separates  from  the  alcoholic  solution  on  cooling-^  in 
silver-shining  scales  which  turn  yellowish  in  drying,  especially  if  exposed 
to  light. 

Iodide  of  hydrargacryl  volatilises  at  100^  in  white  shining  rhombic 
tables,  melts  at  135°,  and  solidifies  in  a  yellow  crystalline  mass  on  cooling; 
when  more  quickly  and  strongly  heated,  it  is  for  the  most  part  decom- 
posed, leaving  a  carbonaceous  residue  and  yielding  a  yellow  snblimate. 
It  is  nearly  insoluble  in  water,  and  dissolves  but  very  sparingly  in  cold 
alcohol.  (Zinin.) 


6  C 

5  H    

....    36 
...       5 
....  200 
....  126 

•  ■••             *F    /O         •••• 
•••■           X  OO       •■■• 

....     54-36 

a...          O4*0X           .... 

Zinin. 
..        9-59 
1-38 

2  Hg 

I 

....    34-49 

C«H*Hg2I 367     ....  100-00 

When  the  alcoholic  solution  of  this  compound  is  mixed  with  nitrate  of 
silver,  the  whole  of  the  iodine  is  precipitated  in  the  form  of  iodide  of 
silver.  Oxide  of  silver  introdacea  into  the  alcoholic  solution  likewise 
forms  iodide  of  silver,  the  liquid  at  the  same  time  becoming  strongly 
alkaline,  and  yielding  by  evaporation  a  thick,  syrupy,  strongly  alkaline 
mass,  which  is  soluble  in  water,  and  volatilises  when  more  strongly 
heated,  emitting  an  odour  like  that  of  angelica  and  of  garlic.  This  sub- 
stance forms  salts  with  acids,  and  is  doubtless  the  kydraied  oande  of 
hydrargacryl,   (Zinin.) 

Cahours  &  Hofmann,  by  treating  iodide  of  acryl  with  various  silver- 
salts,  have  obtained  a  number  of  acr^l-salts  or  compound  ethers,  and  in 
particular  the  oxalate  of  acryl,  a  liquid  which  is  decomposed  by  ammonia 
in  a  similar  manner  to  oxalate  of  ethyl  (ix.  180),  yielding  oxamide  and 

Acrylic  alcohol  C'H^O^,  o^     xr  f  0';  and  from  this  a  large  number  of 

derivatives  have  been    formed,  viz.,  acrylic  ether,  sulphacrylic   acid, 
xantbacrylate  of  potassium,  &e,,  &c.  (CompL  rend,  42,  217.) 

Berthelot  <&  De  Luca  have  also  obtained  several  compound  acrylic 
others,  e,  g,  the  butyrate,  benzoate,  &c.,  by  the  action  of  silver-salts  on 
the  iodide  of  acryl.  They  fiud  also  that  the  iodide,  when  decomposed  by 
mercuric  oxide,  yields  acrylic  ether  C*H*0;  treated  with  potash  dissolved 

in  vinic  or  amylic  alcohol,  it  yields  vinacrylic  ether  r^^vi^  \  0^  oramyl»- 
crylic  ether,  niotju  f  O'i  ^^^  with  potash  and  glycerine,  it  forms  iriaerylin. 


MELLONIDES.  545 

QMIjsoQs  =  c*  <  /(3»u6\5  (  0*.     This  last  reaction  is  represented  by  the 

equation : 

C«H>0«  +  3C«H«I  «  C«H»0«  +  3HI. 

Iodide  of  acryl  decomposed  by  sodium,  yields  the  radical  acryl  C«H*, 
which  is  a  veir  volatile  liquid,  having  a  pungent  odour  like  that  of 
horse-radish.  It  boils  at  59°.  Its  density  is  0-684  at  14.  Vapour- 
density  =  292  (monatomic).  Bums  with  a  very  bright  flame.  {Compt. 
rend,  42,  233.) 

[All  these  compoaads  will  be  more  folly  described  ia  the  next  Yolume.] 


Page  378. 

Mellonides. 

LiBBio.    Ann.  Pharm,  95,  257. 

The  formula  C^N^M,  originally  assigned  by  Liebig  to  the  mellonides, 
does  not  render  a  satisfactory  account  of  the  decomposition  of  those 
compounds  by  acids  or  caustic  alkalis.  According  to  this  formula,  mel- 
lonide  of  potassium,  decomposed  by  potash-ley,  should  yield  cyamelu- 
rate  of  potash,  formiate  of  potash,  ammelide,  and  ammonia,  (ix.  392.) 

3C«N^K  +  IIHO  +  KO  =  Ci2N7HK30«  +  C«HKO*  +  CWH»0»  +  2NH5 

cyamelurate         formiate         ^  At. 
of  potash.         of  potash,    ammelide. 

Now,  when  mellonide  of  potassium  is  boiled  with  potash-ley,  ammonia  is 
evolved;  crystals  of  cyamelurale  of  potash  are  obtained  at  a  certain 
degree  of  concentration;  and  if  the  alkaline  liquid  be  then  mixed  with 
sal-ammoniac,  a  copious  precipitate  of  ammeliae  (ix,  476)  is  obtained. 
But  if  the  mixture  be  kept  boiling  for  some  time,  sal-ammoniac  no  longer 
produces  any  precipitate  in  it;  if,  however,  the  liquid,  after  addition  of 
sal-ammoniac,  be  neutralized  with  acetic  acid,  a  white  precipitate  of 
melanureuic  acid  (ix.  470,)  is  obtained.  On  continuing  the  boiling, 
ammonia  is  continually  evolved,  the  melanureuic  acid  disappears,  and 
after  saturating  the  alxaline  liquid  with  acetic  acid,  crystals  of  cyanurate 
of  potash  are  obtained,  which  by  solution  in  dilute  hydrochloric  acid 
yield  crystals  of  pure  hydrate  of  cyanuric  acid.  No  formiate  of  potash  is 
obtainea.  Neither  does  the  alkaline  liquid  yield  any  formic  acid,  when 
neutralised  with  sulphuric  instead  of  acetic  acid,  and  subjected  to  dis- 
tillation. This  discrepancy  between  the  results  of  theory  and  experi- 
ment, and  a  similar  difficulty  in  explaining  the  decomposition  of  mello- 
nides by  acids,  induced  Liebig  to  subject  these  compounds  to  a  careful 
re-examination,  the  result  of  which  has  been  to  show  that  the  original 
formula  assigned  to  them  was  erroneous,  and  that  they  really  contain 
6  At.  carbon  and  4^  At.  nitrogen  to  1  At.  metal,  or  18C  and  13N  to 
3  At.  metal,  that  is  to  say,  that  their  general  formula  is  C^^N^'M^ 

HydromeUonic  acid,     C"N*'H'. — By  mixing  a  warm  solution  of  cor- 
rosive sublimate  with  uiellonide  ^of  potassium,  a  fine-grained,  dazzling 
VOL.  X.  '  2  N 
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white  precipitate  of  niellonide  of  mercury  is  obtaiued,  which,  after  waahing, 
dissolves  in  dihite  hydrocyanic  acid,  even  in  the  cold.  Sulphuretted  hydixH 
gen  passed  througn  this  solution  throws  down  all  the  niercary  in  the 
form  of  sulphide;  and  after  driving  off  the  hydrocyanic  acid  by  a  gentle 
heat,  there  remains  an  aaueous  solution  of  hydromellonic  acl  1,  which 
has  a  strong  acid  taste  and  reaction,  mixes  with  alcohol  without  tarbity, 
expels  carbonic  acid  from  carbonates  with  effervescence,  and  yields,  when 
neutralized  with  potash,  crystallised  mellonide  of  potassium  exhibiting 
all  the  properties  of  the  original  salt. 

When  a  solution  of  hydromellonic  acid  is  evaporated,  in  racno  or  in 
the  air,  either  at  ordinary  or  at  higher  temperatures,  it  deposits  white 
films  or  flakes,  and  leaves  a  somewhat  crystalline  residue  which  redis- 
solves  but  partially  in  cold  water  :  the  acid  is  not,  however,  completely 
decomposed  under  these  circumstances,  the  portion  soluble  in  water  still 
yielding  a  certain  quantity  of  mellonide  of  potassium  when  saturated  with 
potash  and  mixed  with  alcohol.  When  a  solution  of  mellonide  of  mercury 
in  hydrocyanic  acid  is  evaporated  without  removing  the  mercunr,  there 
remains  a  white  insoluble  residue,  containing  mercury  chemically  com- 
bined. The  cyanide  of  mercury  which  forms,  appears  therefore  to  be 
decomposed  again  during  the  evaporation.  —  When  oxalic  acid  is  added  f| 

to  a  solution  of  mellonide  of  calcium  in  hot  water,  as  long  as  a  precipi- 
tate ensues,  and  the  filtrate  evaporated  by  heat,  an  acid  limensalt  of 
hydromellonic  acid  crystallises  from  the  solution;  even  an  excess  of 
oxalic  acid  does  not  completely  precipitate  the  lime. 

Mellonide  of  Potauinm,  —  a.  Ne^dral.  —  Preparation.  1 .  With  Butter 
of  Ardimony, — 7pts.  of  sulphocyanide  of  potassium  are  fused  in  a  wide  and 
deep  porcelain  crucible,  till  the  whole  runs  quietly  and  without  frothing, 
and  3  pts.  of  recently  prepared  butter  of  antimony  then  added  by  smiifi 
portions.  Strong  intumescence  then  takes  place,  accompanied  by  brisk 
evolution  of  sulphide  of  carbon,  which  breaks  out  in  flames,  and  must 
be  extinguished  by  covering  the  crucible  with  a  shallow  dish;  and  a  red- 
brown,  porous  mass  is  obtained,  which  must  be  pulverised  and  heated 
with  constant  stirring  in  an  iron  crucible,  till  part  of  the  resulting  sul- 
phide of  antimony  melts  in  the  softened  pulpy  mass,  and  collects  at  the 
bottom.  The  mass  is  then  immediately  dissolved  in  boiling  water;  the 
filtrate  boiled  with  hydrated  oxide  of  lead  as  long  as  the  oxido  turns 
black,  to  remove  sulphide  of  potassium  and  dissolved  sulphide  of  anti- 
mony; and  the  liquid  again  filtered  and  left  to  cool,  whereupon  it  gene- 
rally solidifies  to  a  crystalline  magma  of  snow-white  mellonide  of  potas- 
sium. This  product  is  thrown  on  a  filter,  the  liquid  allowed  to  drain 
off,  and  the  mass,  without  being  washed,  wrapped  up  with  the  filter 
in  unsized  paper,  and  placed  over  night  between  two  bricks,  which  are 
gradually  loaded  with  weights.  The  mass,  when  dry,  is  again  dissolved 
in  hot  water,  and  the  same  process  repeated.  At  the  third  crystallisar 
tion,  the  hot  filtered  liquid  is  mixed  with  a  small  quantity  of  alcohol, 
till  a  faint  transient  turbidity  makes  its  appearance.  The  crystalline 
magma  which  settles  down,  is  washed  with  alcohol  after  the  mother- 
liquor  has  drained  off,  till  a  drop  of  the  liquid  which  runs  off  no  longer 
reddens  sesquichloride  of  iron,  and  therefore  no  longer  contains  sulpho- 
cyanide of  potassium.  —  2.  The  chloride  of  antimony  used  in  this  pro- 
cess may,  with  equal  advantage,  be  replaced  by  chloride  of  bismuth. 
This  compound  is  prepared  by  passing  chlorine  gas  over  commercial 
biAmuth  heated  in  a  tube  of  hard  glass,  bent  half  an  inch  upwards  at 
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one  end^  then  again  downwards,  and  lying  horisoniallj  in  a  oombustioa- 
furnace;  the  chloride  of  bismuth,  which  distils  07cr,  is  purified  from  the 
chlorides  of  other  metals  by  rectification  in  the  same  apparatus.  Before 
being  nsed^  it  is  again  melted,  pulverised  while  still  hot  after  solidifica- 
tion^ and  the  powder  added  to  the  fused  sulphocyanide.  The  propor- 
tions used  are  1  pt.  of  bismuth-chloride  to  2  pts.  sulphocyanide  of  potas- 
sium; with  a  larger  proportion  of  the  former,  the  mass  will  not  melt.  — 
2.  From  JMelam.  —  8  pts.  of  sulphocyanide  of  potassium  are  fosed  with 
4  pts.  of  melam,  previously  slightly  ignited,  and  added  in  successive 
small  portions.  The  temperature  must  not  be  allowed  to  rise  too  high; 
if  the  gas-bubbles  which  rise  from  the  melted  mass^  do  not  bam  with  a 
blue  flame  (sulphide  of  carbon),  but  with  a  red  colour^  indicating  the 
formation  of  cyanogen,  the  heat  must  be  moderated.  The  melam  is 
prepared  by  heating  in  a  porcelain  basin,  a  mixture  of  eqnal  parts  of 
sal-ammoniac  and  sulphocjranide  of  potassium,  stirring  constantly  till  no 
more  vapours  of  sulphocarbonate  of  ammonia  are  evolved,  and  sal- 
ammoniac  begins  to  sublime.  The  mass  is  then  exhausted  with  cold 
water,  the  residue  dried,  and  gently  ignited  before  being  used.  —  4.  In 
preparing  mellonide  of  potassium  by  fusing  sulphur  with  yellow  prussiate 
of  potash,  the  addition  of  carbonate  of  potash  towards  the  end  of  the 
fusion  is  positively  injurious;  for  the  slightest  excess  of  that  salt  induces 
the  decomposition  of  the  mellonide  of  potassium  previously  formed. 

Pure  mellonide  of  potassium  forms  soft,  white,  very  slender  inter- 
laced needles,  having  a  silky  lustre,  and  scarcely  distinguishable  in 
appearance  from  sulphate  of  quinine.  —  1  pt.  of  the  salt  dissolves  in 
37*4  pts.  of  water  at  ordinary  temperatures,  and  in  a  much  smaller 
quantity  of  hot  water;  it  is  insoluble  in  alcohol.  Crystallises  with  diffi- 
culty, even  from  a  solution  saturated  while  warm,  but  very  easily  on 
addition  of  alcohol.  Its  solubility  in  cold  water  is  greatly  diminished 
by  the  presence  of  other  salts.  A  warm  saturated  solution,  which  would 
stand  for  days  after  cooling  without  crystallising,  instantly  deposits 
crystals  on  addition  of  a  few  drops  of  solution  of  sulphocyanide  of  potas- 
sium. —  The  aqueous  solution  tastes  as  bitter  as  sulphate  of  quinine.  In 
doses  of  a  dram,  the  salt  exhibits  no  decided  action  on  man  or  other 
animals,  none  at  least  which  would  distinguish  it  from  other  bitter  sub- 
stances. —  The  crystals  heated  to  200®,  give  off  18*06  p.  c.  (10  At.)  water. 
—  This  result  differs  considerably  from  the  former  determination  (riii.  392).  Liebig 
expresses  himielf  nnable  to  account  for  the  difference. 

Anhydrous,  Liebig. 

18  C 108-0  ....  26-50  26*12 

13  N 1820  ....  44-65  44-38 

3  K 117-6  ....  28-85  28-72 

Ci8N»K»  407-6     ....  100-00     99-22 

Cryrtallued,  Liebig. 

CteN»K« 407-6     ....    81-91 

10  HO 90-0     ....     1809     18-06 

CWN"K»  +  10Aq 4976    ....  100-00 

The  salt  burnt  in  a  stream  of  oxygen  yielded  only  0-06  p.  c.  water;  now  if  it 
contained  1  At.  hydrogen  to  3  At.  potassinm,  it  should  have  yielded  2*19  p.  c.  water; 
it  may  therefore  be  safely  concladed  that  the  salt  does  not  contain  hydrogen. 

6.  Insoluble  acid  Salt*  —  Separates  in  the  form  of  a  white,  chalky 
precipitate,  on  ponriug  a  moderately  dilute  solution  of  neutral  mellonide 

2  n2 


Ltebi^. 

32-61     .... 

.^.    31-97 

54-95 

0-60     .... 

....      0-76 

11-84     .... 

....     11-93 
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of  potasaium  Into  warm  dilute  hydrochloric  acid.  Insoluble  in  cold  vol 
sparingly  soluble  in  boiling  water;  the  solution  has  a  strong  acid  leactioo; 
easily  soluble  in  a  solution  of  acetate  of  potash. 

18  C 108-0  .... 

13  N    182-0  .... 

2H    20  .... 

K 39-2  .... 

CWK»H»K 331-2    ....  10000 

When  hydfDchlorie  acid  is  poured  into  a  solation  of  mellonide  of  potasanm,  a 
luceat  gdatinoQfl  precipitate  is  obtained,  of  very  donbtful  composition. 

c.  Sclvhh  add  SdU.  —  Obtained  by  mixing  a  warm  saturated  sola- 
tion of  the  neutral  salt  with  an  equal  value  of  strong  acetic  acid.  Crje- 
taliises  from  this  mixture  in  oblique  rhombic  laminsd,  which  effloresce  in 
a  warm  atmosphere.  When  boiled  with  water,  it  is  resolred  into  the 
nentral  salt  a,  and  the  insoluble  acid  salt  h.  The  crystals,  after  drying 
in  the  air,  giye  off  1808  p.  c.  water. 

Dried  at  no"".  Liebig. 

18  C.r. 108-0  ....  29-23  28-75 

13  N    1820  ....  49-28  .    *> 

H    10  ....  0-27  0-43 

2  K 78-4  ....  21-22  2113 

"        C»N»HK«  369-4    ....  10000 

Air^ried,  liebig. 

CWN»HK«    369-4    ....    8727 

6  HO    54-0    ....     12-73    13-03 

C^N^HlP  +  eAq 423-4     ....  10000 

Hellonide  of  Silver,  —  Obtained  as  a  white  precipitate  by  mixing'  a 
boiling  solution  of  neutral  mellonide  of  potassium  with  nitrate  of  silrer. 


18  C... 
13  N 
3Aff 


Liebig  (mean)* 

108 

....     17-59 

17-48 

182 

....    29-64 

29-54 

324 

....     52-77 

52-48 

C"N»Ag»  614    ....  100-00    99-50 

The  salt  burnt  in  a  stream  of  oxygen  yielded  in  two  experiments  0-4  and  0*3  p.  e. 
water,  whereas  if,  as  supposed  by  Gerhardt,  it  contained  1  At.  H  to  12  At.  C,  the 
quantity  of  water  should  be  2*17  p.  c,  or  about  six  times  as  great  as  that  actually 
found*  Henoe  we  may  safely  conclude  that  mellonide  of  silyer  does  not  oontain 
hydrogen. 

a.  Comparing  the  composition  of  hydromellonic  acid  with  that  of  the 
bodies  from  whicn,  by  fusion  with  snlphocyanide  of  potassium,  mellonide 
of  potassium  may  be  produced,  we  obtain  the  following  relations: 

Melam,  C«Ni»H»     contains  the  elements  of....  8NH»  +  C»N« 

Melamine,  CWN^H"  „  ,,  4NH»  +  C'-N* 

Ammelide,  C»»N»H«0«    „  „  6HO  +  NH«  +  C«N« 

Ammdine,  C«N«H»0> „  „  2H0  +  NH»  +  C«N« 

Chlorocyanamide,  C«N«H<CI ,  „  CIH  +  NH»  +  C«N« 

Melanurenic  acid,  C«N^H<0* „  „  4HO  +  C«N« 

Hydrotulphomellonic  add,  C<N<H^S«           ,,  „  4SH  +  C<  K< 
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Viewiui^  the  xnellone-compounds  in  oonneotion  witb  hydromellonio 
acid,  C'^N^'H',  which  contains  the  elements  of  ammonia  and  tricjanamide, 
NH»  +  C"N»»  or  NH»  +  3C/N,  the  formation  of  these  compounds  by 
the  usual  processes  is  satisfactorily  explained.  The  formation  of  mef- 
lonide  of  potassium  by  fusing  the  yellow  ferrocyanide  with  sulphur  is 
less  obvious.  It  mus^  however,  be  assumed  as  certain  that  the  radical 
mellone  is  formed  by  the  decomposition  of  sulphocyanide  of  iron,  a 
process  which  may  perhaps  be  represented  by  the  following  equation : 

10C?NS?Fe  +  3(?NS»K  -  CWN»K»  +  8CS«  +  lOFeS. 

p*  The  new  formula  of  mellonide  of  potassium  affords  a  satisfactory 
explanation  of  the  decomposition  of  that  salt  by  potash  into  cyamelurate 
of  potash,  ammelide  and  ammonia.  Henneberg  gave  for  cyamelurio 
acid  the  two  formula)  C"N^H»0«  and  C"N^H*0%  leaving  it  undecided 
whicli  should  be  preferred.  According  to  the  latter,  the  acid  should 
contain  1  At.  H  not  replaceable  by  a  metal,  and  the  formula  of  the 
potash-salt  should  be  C^N'HK'O';  whereas,  according  to  the  former, 
this  salt  should  not  contain  hydrogen.  Liebig  found  in  cyamelurate  of 
potash  prepared  by  Henneberg's  process  (ix.  382),  21*01  p.  c.  C  and 
009  H,  whereas  the  formula  C"N'HK*0«  requires  0*29,  or  about  three 
times  as  much  as  that  which  is  obtained  by  experiment.  Consequently, 
cyamelurate  of  potash  contains  no  hydrogen,  and  its  formula  is  C"N^K*(K 
The  decomposition  of  mellonide  of  potassium  by  potash  is  represented 
by  the  equation : 

2C"N»K»  +  18HO  -  2C»WK»0^  +  C*SN»H90«  +  3NH». 

Ammelide. 

7.  By  abstraction  of  ammonia  and  addition  of  water,  ammelide  is 
converted  into  melanureuic  acid.  (Laurent  &  Gerhardt  regard  the  two  u 
identical,  but  without  having  analysed  the  latter.) 

C»»N«H»0«  +  2H0  «  2C«N*HK)*  +  NH». 
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JPropylene.  —  When  a  mixture  of  an  alkaline  acetate  and  oxalate  is 
distilled  in  such  a  manner  as  to  place  the  resulting  acetone,  when  in  the 
nascent  state,  in  contact  with  carbonic  oxide,  the  acetone  is  deoxidised^ 
with  formation  of  a  carbonate  and  evolution  of  propylene : 

C^H«0»  +  2C0  -  2C0»  +  C»H«. 

The  quantity  of  propylene  obtained  is,  however,  by  no  means  equal  to 
that  which  is  indicated  by  calculation :  for  the-  decomposition  of  the 
two  salts  is  not  simultaneous,  and  the  oily  matter  observed  in  the  pre- 
paration of  acetone  is  always  produced.  —  The  mode  of  conducting  the 
process  is  as  follows:  1  At.  acetate  of  lime  is  added  to  1  At.  oxalate  of 
potash  dissolved  in  water,  so  as  to  form  oxalate  of  lime  and  acetate  of 
potash;  the  liquid  evaporated  and  constantly  stirred,  so  as  to  obtain  aa 
mtimate  mixture;  and  the  mass,  when  dried  as  completely  as  possible^ 
put  into  a  retort  which  is  heated  over  a  moderate  fire.    The  gas  passes 
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first  into  a  fiask  filled  with  carded  cotton,  then  into  another  containing 
oil  of  vitriol  to  absorh  the  oily  matter,  and  ia  finally  condensed  in 
bromine,  after  being  washed  with  water.  A  kilogramme  of  acetate  of 
lime  thus  treated  yields  about  60  grms.  of  crude  propylene.  —  The 
liquid  thus  obtained  is  washed  with  potash  and  distilled;  then  shaken 
np  again  with  an  alkaline  solution,  to  saturate  the  hydrobromic  acid 
formed  during  the  distillation;  after  which  it  is  dried  over  chloride  of 
calcium  and  rectified.  Bromide  of  propylene,  C^H'Br',  forms  aboat  two- 
thirds  of  the  product;  it  has  the  odour  and  the  boiling  point  (145°)  of 
the  bromide  or  propylene  obtained  from  amylic  alcohol  (ix.  397). 

The  compound  C*H'Br,  obtained  by  the  action  of  alcoholic  potash 
on  the  preceding  product,  heated  in  a  tube  with  sulphocyanide  of 
potassium,  yields  oil  of  mustard  (comp,  page  42).  (L.  Dusart,  Comjst, 
rend.  41,  495.) 

Propylene  is  also  found  among  the  products  of  the  dry  distillation  of 
butyracetate  of  baryta  (p.  555V  When  the  gas  evolved  in  that  process 
was  passed  into  a  mixture  of  nydrochloric  acid  and  peroxide  of  manga- 
nese, and  that  mixture  afterwards  distilled,  a  distillate  was  obtained 
consisting  of  chlorinated  substitution -products  of  propyhd  and  propione, 
mixed  with  chloride  of  propj'lene.  The  excess  of  chlorine  was  removed 
by  washing  with  water,  the  liquid  then  dried  over  chloride  of  calcium 
and  rectified.  The  whole  of  the  chloride  of  propylene  passed  over 
below  120°,  and  was  obtained  sufficiently  pure  for  analysis  when  the 
boiling  point  was  between  104°  and  110%  and  the  vapour  no  longer 
excited  tears,  a  propertv  possessed  in  a  high  degree  by  chlorinated 
propylal  or  propione.  The  chloride  of  propylene  thus  purified  gave  by 
analysis  61'86  p.  c.  chlorine,  the  formula  C*H*C1'  requiring  62*51  p.  c. — 
500  ffrms.  of  butvracetate  of  baryta  yielded  1  grm.  of  chloride  of 
propylene.  (Limpncht  &  v.  Uslar,  Ann,  Fhann,  94,  829.) 
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Formation  of  Pt^opylk  Alcohol  from  Propylene,  —  Oil  of  vitriol  rapidly 
absorbs  propylene-gas;  and  on  subsequently  diluting  the  acid  with 
water,  filtering,  and  distilling,  prop^lic  alcohd  is  obtained  in  the  form  of 
a  spirituous  liquid,  having  a  peculiar  pungent  odour,  soluble  in  water, 
but  precipitated  from  the  solution  by  carbonate  of  potash.  In  a  state 
of  concentration,  but  still  mixed  with  a  certain  quantity  of  water,  it  haa 
a  density  of  0'817,  and  begins  to  boil  at  81°  or  82°,  [the  pure  alcohol 
boils  at  96°;  see  ix.  3991.  it  mixes  in  all  proportions  with  water,  and 
forms  with  crystallised  chloride  of  calcium,  either  a  homogeneous  solution 
or  two  distinct  strata,  according  to  the  proportion  of  the  salt.  Bums 
with  a  brighter  fiame  than  common  alcohol.  Heated  with  oil  of  vitriol 
and  sand,  it  blackens,  decomposes  rapidly,  and  yields  propylene-gas, 
mixed  with  about  ^V-  of  another  combustible  gas,  probably  hydride  of 
propyl,  G*H*.  —  Distilled  with  oil  of  vitriol  and  butyric  acid,  it  yields 
hutyi'iUe  of  propyl^  C*H^(C*H^)OS  which  is  a  nentral  liquid,  lighter  than 
water,  volatile  below  130°,  and  having  an  odour  like  that  of  butyric 
ethM',  but  not  so  agreeable;  it  is  decomposed  at  100°  by  potash,  yielding 
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butyrate  of  potash  and  propylic  alcohol.  —  Distilled  with  oil  of  vitriol 
and  acetic  acid,  it  yields  acetate  of  propyl,  C*H'(C*H')0*,  which  vola- 
tilises below  90°. 

A  mixture  of  propylic  alcohol  and  oil  of  vitriol,  gently  heated, 
and  then  saturated  with  carbonate  of  baryta,  yields  sal phopropy late  of 
baryta,  C<^H^Ba0^2S0^  +  6  Aq.  This  salt  parts  with  its  water  of  crystal- 
lisation in  vacuo.  With  benzoate  of  potash  it  yields  beneoate  of  propyl. 
By  immediately  saturating  with  carbonate  of  baryta  the  solntioii  of  propy- 
lene in  sulphuric  acid,  two  salts  were  obtained,  vi«.,  C'H^BaO',2SO'+  BAq. 
identical  with  that  just  mentioned,  and  C'H^BaO',2SC)'  +  2  Aq.,  corres- 
ponding with  the  sulphovinate.  These  two  hydrates  exhibit  the  same 
degree  of  stability  and  behave  in  the  same  manner  with  various  salts, 
both  producing  the  acetate,  butyrate,  and  benzoate  of  propyl.  The 
compound  formed  with  propylene  and  fuming  oil  of  vitriol,  does  not  repro- 
duce these  ethers. 

Propylene  is  likewise  absorbed  by  hydrochloric  acid.  When  left  to 
stand  at  ordinary  temperatures  over  the  fuming  acid,  it  is  slowly  taken 
np,  and  disappears  after  some  weeks,  the  absorption  taking  place  even 
in  a  sealed  tube.  At  100°  it  is  complete  in  30  hours.  The  product  is 
a  neutral  liquid,  lighter  than  water,  and  insoluble  in  that  liquid.  After 
being  purified  with  potash  and  distilled,  it  consists  for  the  most  part  of 
chloride  of  propyl,  C*H^Cl,  which  volatilises  at  about  40°,  and  has  the 
odour,  taste,  and  flame  of  chloride  of  ethyl.  (Berthelot,  N,  Ann.  Ghim. 
Fhys.  43,  385;  Compt.  rend,  40,  102.) 
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Propylal,  C*H*0'.  —  Obtained  by  the  dry  distillation  of  bntyraoeiate 
of  baryta.  Boils  at  about  66°.  Has  a  peculiar  ethereal  odour.  Mixes 
with  water,  alcohol,  and  ether.  The  ethereal  solution  saturated  with 
ammonia,  does  not  yield  any  crystals  of  propylal-ammonia.  Neither  is 
that  compound  produced  by  passing  ammoniacal  gas  over  propylal 
surrounded  with  snow,  or  by  leaving  the  propylal  in  contact  with 
aqueous  ammonia.  Propylal  dissolves  with  evolution  of  heat  in  concen- 
trated aqueous  solutions  of  the  alkaline  bisulphites,  but  the  solution, 
even  after  long  standing,  deposits  only  a  few  crystalline  geodes  exhibiting 

the  character  of  wavellite. 

Limpricht  &  t.  Uslar. 

6  C 36     ....     62*0     63-29     ....     63-00 

6H    6     ....     10-3     11-11     ....     10-98 

2  0 16    ....    27-7     25-60     ....     2602 


C«H«0»  58     ....  1000    100-00    ....  10000 

The  ezoeM  of  carbon  found  in  the  analysis  was  probably  due  to  the  presence  of 
propione.  —  Propylal  is  isomeric  with  propylic  aldide  (ix.  400),  and  is  related  to  that 
body  in  the  same  manner  as  butyral  to  butylic  aldide,  and  valeral  to  valeric  aldide. 
(Limpricht  &  v.  Uslar,  Ann,  Pharm.  94,  326.)  —  The  shorter  names  propylal,  butyral, 
&c.,  arc  applied  by  the  authors  to  those  modifications  of  the  compounds  which  do 
not  combine  with  ammonia. 
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C»0H»KO«,2SO«  +  3Aq 215     ....  lOO'OO 

Sulphite  of  Propione  and  Sodium.  C"H»NaO*,2SO*  +  3Aq.  —  Cor- 
responds, exactly  with  the  potassiam-compound.  Gave  by  analysie^ 
1201  Na  and  3297  SO',  the  formula  requiring  11 '5  Na  and  32-1  S0». 
(Limpricht  &  v.  Uslar.) 

Sulphite  of  Projnone  and  Ammonium  is  so  very  soluble  that  it  could 
not  be  obtained  m  crystals.  (Limpricht  &  v.  Uslar,  Ann.  PAarm. 
94,  327.) 


Pages  402  and  414. 

Propionic  and  Butyracetic  Acids. 

A.  Strecker.    Ann,  Pharm,  92,  80. 

Limpricht  A  von  Uslar.    Ann,  Pharm.  94,  321;  J,  pr.  Chem.  66,  234. 

Strecker  suggests  that  the  propionic  acid  obtained  in  the  fermentation 
of  sugar  in  contact  with  chalk  and  old  cheese  (ix.  403)  may  be  produced 
by  the  oxidising  action  of  the  air  on  the  butyric  acid  previously  formed 
from  the  lactic  acid,  which  is  the  first  product  of  the  fermentation,-^ 
inasmuch  as  Kolbe*s  experiments  have  shown  that  the  fatty  acids  («.^., 
valerianic  aoid)  are,  under  certain  circumstances,  converted  by  oxidation 
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Propione.  C"H"0".  —  The  distillate  of  butyracetate  of  baryta 
(p.  655),  boiling  at  95""  to  120^  was  shaken  up  with  a  concentrated 
solution  of  bisulphite  of  potash  or  soda;  the  resulting  crystalB  separated 
from  the  mother-liquor;  and  dried  between  paper  freqaently  renewed. 
On  distilling  these  crystals  with  a  solution  of  carbonate  of  potash,  the 
propione  passed  over,  together  with  water,  from  which  it  was  mechani- 
cally separated  and  then  dehydrated.  The  product  thus  obtained  smelt 
like  acetone,  and  boiled  at  110°.  The  boiling  point  found  by  Morley  (is.  41(f), 
wu  lO""  lower,  Tu.,  100°,  which  agrees  better  with  the  position  of  propione  in  the  sous 
of  ketones,  being  ezacUy  intermeduite  between  that  of  acetone  (56*)  aad  that  of 
batjrone  (144*). 

Limpridit  &  v.  Uslar. 

IOC 60    ....     69-77 69-31     ....     68-94 

10  H    10    ....     11-63     11-72    ....     11-65 

2  0 16     ....     18-60     18-97     ....     19-41 

C^HioO*  86    ....  10000     10000    ....  1 00*00 

Stdphite  of  Propione  and  PotauixxM,  -»  This  salt,  obtained  as  above,  ^ 

formed,  after  drying  over  oil  of  vitriol,  small  scales  having  a  pearly  1 

lustre. 

limpricht  &  v.  Uslar. 

10  C  60    ....     27-90    26-37 

12  H 12     ....       5-60    5-40 

K 39    ....     1814    18-43 

5  O 40     ....     18-66 

2  S02  64     ....     29-70     30-50 
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into  others  of  ibe  same  series,  but  of  lower  atomic  weigbt.  —  Or  a^in 
the  mannite,  another  product  of  the  fermentation,  may  be  resolved  into 
propionic  acid,  acetic  acid,  carbonic  acid,  and  hydrogen : 

CMH»W<  «  C«H80<  +  C^H^O*  +  2C02  +  4H. 

Mannite. 

Limpricht  &  y.  Uslar  found  that  propionic  acid  prepared  by  boiling 
cyanide  of  ethyl  with  alcoholic  potash,  boiled  constantly  at  142°,  dis- 
solved in  water  in  all  proportions,  and  was  separated  from  the  solution 
by  chloride  of  calcium. 

To  obtain  butyracetic  acid,  Limpricht  &  v.  Uslar  dissolved  buty- 
racetate  of  lime  (prepared  by  Nbllner)  in  hot  water;  decomposed  the 
filtered  solution  with  carbonate  of  soda;  and  distilled  the  dried  soda-salt 
with  oil  of  vitriol  diluted  with  one-fourth  of  its  bulk  of  water.  The  acid 
which  distilled  over  had  a  faint  odour  very  much  like  that  of  propionic 
acid,  and  possessing  but  little  of  the  butyric  acid  odour.  Like  propionic 
acid,  it  mixed  with  water  in  all  proportions,  but  not  with  a  concentrated 
solution  of  chloride  of  calcium,  by  which  indeed  it  was  separated  out 
unaltered,  and  not  resolved  into  acetic  and  butyric  acid. 

Butyracetic  acid  dehydrated  as  completely  as  possible  begins  to  boil 
at  about  1 20°,  and  the  boiling  point  gradually  rises  to  above  1 60°,  without 
becoming  stationary  near  1 40  ,  as  is  the  case  with  propionic  acid.  By 
repeated  fractional  distillation,  and  separation  of  the  portions  which 
boiled  between  120°  and  124°,  and  between  158°  and  161  ,  the  acid  was 
completely  separated  (with  the  exception  of  a  trifling  residue^  into  acetic 
acid  boiling  between  120°  and  124  ,  and  butyric  acid  boiling  between 
158^  and  161°;  no  propionic  acid  was  found.  The  acetic  acid  thus 
obtained  yielded  a  silver-salt  containing  64'1  p.  c.  Ag  (calculation  64'6), 
and  the  butyric  acid  a  silver-salt  containing  55'6  p.  c.  Ag  (calculation 
55' 4,  (Limpricht  &  v.  Uslar.) 

C*H*0* ) 
AnhydrofUB  Propionic  acid.    C"H"0*  =  rtetisn*  f  ^*»  ^*^®  obtained  by 

the  action  of  1  At.  oxychloride  of  phosphorus  on  6  At.  dry  propionate  of 
soda.  It  is  a  colourless  liquid,  having  a  disafi;reeable  odour,  slightly 
recalling  that  of  valerian-root.  Boils  at  165  .  Does  not  mix  with 
water. 

Limpricht  &  t.  Uslar. 

12  C 72     ....     55-38     5501 

10  H.., 10    ....       7-69     8-00 

6  0 48    ....     36-93    36*99 

CWH«'0«    130    ....  100-00    100-00 

Neither  anhydrous  batyracetic  acid  nor  the  corresponding  chloride  appears  to  exist. 
6  At.  butyracetate  of  soda  distilled  with  1  At.  oxychloride  of  phosphorus  yielded  a 
mixture  of  anhydrous  acetic  and  butyric  acids;  and  3  At.  of  the  same  soda-salt  with 
I  At.  PCIK)^  yielded  a  mixture  of  chloride  of  othyl  and  chloride  of  butyril.  (Limpricht 
&  T.  Uslar.) 

The  following  salts  of  propionic  acid  wore  prepared  by  Strecker  with 
the  acid  obtained  as  above  by  the  fermentation  of  sugar;  they  agree  in 
all  respects  with  those  prepared  with  the  acid  obtained  from  cyanide 
of  ethyl. 

Propionate  of  Potash,  —  The  acid  obtained  by  fermentation  of  sugar 
in  contact  with  chalk  and  cheese^  was  exactly  neutralised  with  carbonate 
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of  potaab^  and  tbe  solatioa  evaporated.  The  residae,  when  absolvU 
alcohol  was  poured  npon  it,  crystallised  in  coloariess  laminas;  the  alco- 
holic solution  yielded,  on  addition  of  ether,  nacreous  scales,  QDCtaone  to  the 
touch.  The  salt,  when  heated,  melts  without  decomposing',  and  on 
cooling  solidifies  in  a  laminar  crystalline  mass,  like  acetate  of  soda. 
Deliquesces  in  the  air,  and  crystallises  again  according  to  the  degree  of 
humidity  present.  (Strecker.) 

Strecker. 

KO 47-2     ....     42*1     41-9 

C«H»0«  650     ...     57-9 

C«H»KO<    112-2    ....  100-0 

The  potash-salt  of  hutyraceiic  acid  does  not  crystallise;  it  dissolves 
readily  in  absolute  alcohol,  and  is  not  separated  from  the  solution  by 
ether.  (Limpricht  &  r.  Uslar.) 

Propionate  of  Soda.  —  Crystallises  with  difficulty,  so  that  it  may  be 
separated  from  acetate  of  soda^  by  the  property  which  the  latter  possesses 
of  separating  in  crystals  from  a  concentrated  solution,  while  the  pro- 
pionate remains  in  the  mother-liquor.  By  neutralising  propionic  aedd 
with  carbonate  of  soda  and  evaporating,  the  salt  is  obtained  on  cooling,  in 
a  mass  having  the  consisteuce  of  tallow.  The  air-dried  salt  gives  off 
16-6  p.  c.  (2  At.)  water  at  120°.  (Strecker.) 

DHid  at  120'*.  Strecker. 

NaO  31     ....     32-3    32*7 

C«H*0» 65     ....     67-7 

C«H«NaO< 96    ....  lOO-O 

Air^dried.  Strecker. 

C«H»NaO< 96    ...      84-2 

2  HO 18     ....     16-8     16'6 

C«H«NaO<+2Aq  114     ....  1000 

ButyracekUe  of  Soda  does  not  crystallise  from  water  or  alcohol,  but 
separates  in  needles  from  the  alcoholic  solution  on  addition  of  ether. 
(Limpricht  &,  v.  Uslar.) 

Propionate  of  Baryta,  —  When  propionic  acid  is  neutralised  with 
carbonate  of  baryta  and  the  solution  evaporated  to  the  crystallising  point, 
the  baryta-salt  separates  in  colourless  prisms  belonging  to  the  right 
prismatic  system,  probably  isomorphous  with  acetate  of  baryta.  The 
crystals  give  off  their  water,  amounting  to  6*1  p.  c.  (1  At),  at  100^  The 
salt  dissolves  in  1  *3  pts.  of  water  at  16°,  and  the  solution,  when  evapo- 
rated over  the  water-bath,  solidifies  in  the  crystalline  form.  The  salt  is 
nearly  insoluble  in  absolute  alcohol,  but  dissolves  pretty  easily  in  boiling 
pirit  of  85  p.  c,  whence  it  separates  out  nnalterea  on  cooling. 

Dried  at  lOO"".  Strecker. 

BaO    76-5     ....     54-1     54*2 

C«H*0"  650    ....    45-9 

C«H«BaO< 141-5     ....  1000 

Air-dried,  Strecker. 

CGH'BaO* 141-5     ....     94 

110    9-0     ....      6    6-1 

C»H«BaO*+.\q 150*5     ....  100 
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Butyracetate  of  Bari/ta  exhibits  the  same  characters  as  the  propionate. 
When  subjected  to  dry  distillation  it  melts,  swells  up  slightly,  gives  off 
g-a^eous  products,  among  which  is  propylene  C°H',  and  yields  a  brownish 
distillate,  having  an  ethereal  odour,  and  consisting  chiefly  of  2^f'opi/lal 
boiling  at  66°,  and  propione  at  110°.  The  lead-salt  yields  the  same 
products.  (Limpricht  &  v.  Uslar.) 

Propionate  of  Lime.  —  Separates  by  evaporation  in  crystalline  laminsc 
having  a  fatty  lustre.  Appears  to  effloresce  on  exposure  to  the  air. 
Sparingly  soluole  in  alcohol. 

Dried  at  100^.  Strecker. 

CaO   28     ....     30-1     29*5 

C6H50» 65     ....     69-9 

C«H»CaO* 93    ....  lOO'O 

Air-dried,  Strecker. 

C«H»CaCH    93     ....     91*2 

HO  .: 9     ....       8-8     8*4 

C«H*'CaO*  +  Aq  102     ....  lOO'O 

Propionate  of  Magnesia  was  not  obtained  in  crystals,  but  remained, 
when  the  solution  was  left  to  evaporate  in  an  open  vessel^  in  the  form  of 
a  transparent,  fissured  mass.  (Strecker.) 

Propionate  of  Zinc  crystallises  readily  when  a  solution  of  zinc-oxide 
in  the  aqueons  acid  is  evaporated,  in  colonrless  laminae,  which  give  off 
part  of  their  acid  at  100°.  (Strecker.) 

PropUmate'of  Lead.  —  a.  Batic.-^K  concentrated  solution  of  the 
neutral  salt,  mixed  with  ammonia,  yields  an  amorphous  precipitate  which 
dissolves  on  boiling,  and  crystallises  in  slender  needles  on  cooling.  A 
crystalline  basic  lead.salt  is  likewise  obtained  by  boiling  propionic  acid 
with  excess  of  lead-oxide;  on  evaporating  the  solution  by  heat,  the  salt 
crystallises  out  readily,  but  if  the  solution  be  evaporated  in  vacuo,  the 
salt  crystallises  less  quickly  in  slender  needles.  After  drying  over  oil  of 
vitriol,  it  does  not  diminish  in  weight  at  120°.  (Strecker.) 

Dried  over  oil  of  vitriol.  Strecker. 

2  PbO 224     ....     77-5     77*9 

C«H«03 65     ....     22-5 

PbO,C«H»?bCH  289     ....  lOO'O 

b.  Neutral.  —  Does  not  crystallise  under  any  circumstances,  but  dries 
up  in  the  air  to  a  transparent,  strongly  refracting  mass.  (Strecker,  com- 
pare ix.  406.) 

Propionate  of  Copper  crystallises  in  small  dark  green  prisms  containing 
1  At.  water. 

Propionate  of  Silver.  —  Obtained  by  adding  nitrate  of  silver  to  the 
aqueous  acid  neutralised  with  ammonia.  The  precipitate  is  white  at  first, 
but  blackens  considerably  when  boiled  with  water,  and  as  the  liquid  cools 
the  salt  crystallises  in  small  colourless  needles.  Does  not  alter  much  in 
colour  by  exposure  to  light,  but  blackens  when  heated  to  50°  or  60°,  and 
still  more  at  100°.  At  a  higher  temperature,  it  fuses  readily,  and  leaves 
coherent  metallic  silver.  (Strecker.) 
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JDried  in  vacuo. 


AgO 

C«H*03 


Stmker* 

106    ,...     40-3 

65     ....     59-7     ... 

59-7 

C«H»AgO<  181     ....  1000 

Propionic  Eiker,  —  Obtained  bj  distiUlng  propionate  of  soda  with 
alcohol  and  snlphoric  acid.  Lighter  than  water.  Has  a  decided  odour 
of  rum,  and  not  so  strong  as  that  of  acetic  or  batjric  ether.  Boils  at 
101°.  (Limpricht  &  r.  Uslar.) 

Limpricht  and  r.  Uslar. 

10  C  60    ....    58-82    59-20 

10  H 10    ....       9-80    10-41 

4  O 32     ....     31-38     30-39 

C«H*(C^H»)0^  102    ....  10000    100-00 

Bntyracetic  ether  was  not  obtained  bj  distilling  the  sodarsalt,  either 
with  alcohol  and  sulphuric  acid,  or  with  sulphovinate  of  potash.  Both 
methods  yielded  an  ethereal  liquid  of  very  pleasant  odour  which, 
however,  after  washing  with  water  and  drying  ov^r  chloride  of  calcium^ 
was  completely  separated  by  distillation  into  butyric  and  acetic  ether. 
In  like  manner,  butyracetate  of  soda  distilled  with  sulphuric  a<ad  and 
wood-spirit,  yielded  nothing  but  a  mixture  of  butyrate  and  acetate  of 
methyl.  (Limpricht  &  v.  Uslar.) 

The  observations  above  cited  are  sufficient  to  show  that  butyracetic 
and  propionic  acids  are  distinct  bodies,  but  it  is  not  yet  clearly  made  oat 
whetner  the  former  is  a  definite  compound  or  merely  a  mixture  of  acetic 
and  butyric  acid.  The  former  view  is  supported  by  the  formation  of 
salts  of  butyracetic  acid  and  by  the  production  of  propylal  and  propione 
by  the  distillation  of  the  baryta-salt;  the  latter  by  the  facility  with 
which  the  acid,  both  hydrated  and  anhydrous,  and  the  ether,  are  resolved 
into  the  corresponding  acetic  and  butyric  compounds.  (Limpricht  iu 
V.  Uslar.) 
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Fulminuric  Acid.    C«N»HW 

LiEBio.    Ann.  Pharm.  95,  282. 

ScHiscHKOFF.     PetcTtb.  Acad.  Bull.  Chsse  Phy$.  Math.  14,  98;  Ann. 
Pharm.  97,  53;  Chem.  Qaz,  1855,  241. 

lioey anuria  acid,  (Schiscbkoff.)-— Appears  to  haye  beea  disooTcred  independently« 
and  about  the  same  time,  by  Liebig  and  by  Schischkoff* 

Formation.  By  the  action  of  alkaline  chlorides  or  iodides  at  a  boiling 
heat  on  fulminating  mercury  (p.  542).  According  to  Lieblg's  view  of 
the  reaction,  3  At.  fulminuric  acid,  (regarded  as  containing  4G,)  are 
converted  into  2  At.  fulminuric  acid  : 

According  to  Schischkoff,  on  the  other  hand,  2  At.  fulminuric  acid  are 
resolved  into  1  At.  fulminuric  and  1  At.  cyanic  acid  : 

2C*N*H«0<  -  C«Nni»0«  +  C«NI103. 


I 
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For  tbe  preparation  of  tlie  potash-salt  see  page  559.  The  free  acid 
IS  obtained  by  decomposing  the  lead  or  silver  salt,  (prepared  from  the 
potash-salt  bj  double  decomposition,)  with  sulphuretted  hydrogen^  or 
the  silver-salt  with  hydrochloric  acid. 

Properties,  The  aqueous  solution  of  the  acid  left  to  evaporate  in  a 
warm  place^  solidifies  in  a  compact,  yellowish,  indistinctly  crystalline 
mass.  (Liebig.  Sohischkoff.)  From  a  saturated  alcoholic  solution,  the 
acid  separates  in  small  colourless  prisms.  (Schischkoff.)  —  Liebig  did  not 
obtain  crystals  from  the  alcoholic  solation.  —  The  crystals  are  anhydrous^  and 
permanent  in  the  air.  (Schischkoff.)  The  solution  has  an  acid  reaction 
and  an  agreeable  taste  (Schischkoii*);  a  very  sour  taste.  (Liebig.) 

Dried  at  100%  Liebig.      Schischkoff. 

6C   36     ....  27-90  27-82    ....    2816 

3  N  42     ....  32-55                                     32-66 

3  H 3     ....  2-32  2-68     ....       2-44 

6  O 48     ....  37-23                                     36*74 

C«N3H»0«   129     ....  lOOOO  100*00 

Isomeric  with  cyanuric  acid  (iz.  449). 

Decompositions,  1.  The  acid  and  its  salts  explode  when  heated,  the 
decomposition  of  the  acid  taking  place  at  150°  (Schischkoff);  the  acid 
detonates  slightly  when  heated  (Liebig). — 2.  The  aqueous  solution  of 
the  acid  is  decomposed  by  boiling  with  mineral  acids,  a  salt  of  ammonia 
being  formed^  carbonic  acid  evolved,  and  a  brown  substance  produced, 
which  has  not  been  further  examined.  (Liebig.)  Oil  of  vitriol  decom- 
poses the  salts  of  fulminurio  acid,  without  blackening,  forming  sulphate 
of  ammonia,  and  eliminating  a  mixture  of  carbonic  acid  and  carbonio 
oxide.  Weak  hydrochlorio  acid  has  scarcely  any  action  on  the  fulmi- 
nuratesj  but  the  strong  acid  decomposes  them,  with  formation  of  ammonia 
and  evolution  of  carbonic  acid.  On  saturating  the  excess  of  hydrochloric 
acid  with  an  alkali,  and  adding  a  lime  or  baryta  salt,  a  white  precipitate 
is  formed;  but  if  the  action  of  the  hydrochloric  acid  has  been  long  con- 
tinued, and  the  liquid  has  been  afterwards  evaporated  to  dryness,  no  such 
precipitation  takes  place.  —  0.  Nitrous  acid  passed  through  a  solution  of 
fulminuric  acid,  decomposes  it,  with  evolution  of  gas  (carbonic  acid),  and 
forms  an  acid  which  does  not  precipitate  lime-salts,  but  yields  with 
nitrate  of  silver  an  insoluble  salt  containing  nitrogen.  —  4.  Caustic  pot- 
ash heated  with  fulminuric  acid  or  its  salts,  gives  off  a  large  quantity  of 
ammonia  and  forms  carbonate  of  potash;  and  the  solution,  when 
neutralised  by  an  acid,  forms  no  precipitate  with  chloride  of  calcium  or 
nitrate  of  silver.  — 5.  Caustic  baryta  beated  with  fulminuric  acid  or  its 
salts,  decomposes  them,  with  evolution  of  ammonia  and  formation  of  a 
white  precipitate  containing  carbonate  of  baryta.  This  precipitate 
dissolves  in  hydrochoric  or  nitric  acid;  and  after  the  excess  of  acid  has 
been  neutralised  by  ammonia,  a  precipitate  is  formed,  probably  identical 
with  that  which  is  produced  on  adding  a  baryta-salt  to  fulminuric  acid 
which  has  been  decomposed  by  hydrochloric  acid.  (Schischkoff.)  — 
Hydrosulphate  of  ammonium  and  hydrosulpliate  of  potassium  have  no  action  on  fulmi- 
nuric acid,  even  at  a  boiling  heat.  (Schischkoff.) 

Comhinaiions,  Fulminuric  acid  dissolves  very  readily  in  watei\  The 
solution  in  a  small  quantity  of  water  forms  a  syrup,  and  may  be  heated 
and  evaporated  without  decomposition.  (Liebig.) 
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The  acid  is  monobasic,  the  formula  of  its  salts  being  C*N'H*HO*.  It 
decomposes  carbonates  with  effervescence. 

Fttlminurate  of  Ammonia,  —  Well  washed  falminating  mercnij 
60 — 75  grammes),  is  mixed  in  a  glass  flask  with  700  to  800  cnhic  centi- 
metres of  water;  60  cub.  cent,  of  a  cold-sat nrated  solation  of  sal-ammo- 
niac then  added;  and  the  whole  heated  to  the  boiling  point.  In  a  few 
minutes,  a  yellow  ciystalline  powder  begins  to  separate,  the  same  in  fact 
that  is  produced  from  white  precipitate,  by  boiiiDg  with  water  or  with 
alkalis.  As  soon  as  the  deposition  of  this  precipitate  has  ceased,  Uie 
vessel  is  removed  from  the  sand-^bath,  and  caustic  ammonia  added  as 
long  as  a  white  precipitate  is  formed,  after  which  the  liqaid  is  imme- 
diately filtered  and  ^evaporated  to  the  crystallising  point.  The  yellov 
crystids  thus  obtained  are  washed  with  water  and  afterwards  with 
alcohol,  then  dissolved  in  hot  water,  and  the  solution  decolorised  by  well- 
washed  blood-charcoal  or  bone-charcoal.  The  filtrate  on  cooling  yields 
dazzling  white  crystals  of  great  beauty.  (Liebig.) 

The  crystals  belong  to  the  clinorhombio  or  monoclinohedral  system 
[oblique  prismatic]  (0.  R.  Rood.  Ann,  Fharm.  95,  291;  A.  Gadolin. 
Ukem,  Gaz,  1855,  457.)  They  possess  great  refractive  and  dispersive 
power,  and  exhibit  double  refraction.  (Liebig,  Rood.)  The  mean 
refraction  of  one  of  the  rays  is,  as  nearly  as  could  be  estimated,  =  1*755. 
Dispersive  power  =  0*1006  nearly.  For  a  perpendicularly  incident  ray, 
the  angle  of  refraction  of  the  extraordinary  ray  =  4°  22',  while  m 
calcspar  it  is  6°  12'.  The  acute  angles  of  the  crystals  exhibit  prismatic 
colours,  in  consequence  of  their  high  dispersive  power.  They  also 
exhibit  a  splendid  scarlet  colour,  arising  from  the  superposition  of  the 
coloured  images  of  the  ordinary  and  extraordinary  rays,  the  violet  of 
the  first  falling  on  the  red  of  the  second :  the  beauty  of  the  red  is 
moreover  heightened  by  the  neutralisation  of  the  yellow,  (Rood.)  —  The 
crystals  are  anhydrous  :  when  heated  they  fuse,  blacken,  and  give  off 
hydrocyanic  acid  ammonia,  and  afterwards  hydrated  cyanic  acid,  which, 
combining  with  the  ammonia,  forms  in  the  upper  part  of  the  tube,  s 
solid  crystalline  mass  of  urea.  (Liebig.)  The  salt  sustains  a  heat  of 
150°  without  alteration,  but  above  that  temperature  it  explodes  like 
the  other  fulmin urates.  (Schischkoff.)  Dissolves  sparingly  in  cold, 
readily  in  hot  water;  is  insoluble  in  alcohol  and  ether.  (Liebig.) 


G  C   

4  N  

....     36 
....     56 

....     24-66 
....     38-35 
....       410 
....     32-89 

••«.•••• 

Liebig. 

24-69 

37-58 

4-29 

33-44 

Schisdikoff. 
....     24-57 
....     37-80 

6  H  

....       6 

4-05 

6  O  

....     48 

....     23-58 

C«JS3HS(NH^)0«  .... 

Or: 

NH8 

C«N3H»0«    

...  146 

....  10000 

.       17     .... 
.     149     .... 

11-64 
88-36 

100-00 

....  100-00 

Liebig. 
11-94 

NHS,C«N»H«0» 166     ....  100-00 

FulminuraU  of  PoixLsh.  —  Prepared  like  the  ammonia-salt.  (Liebig*) 
—  2  pts.  of  moist  fulminating  mercury  are  added,  by  small  portions  and 
with  constant  stirring,  to  a  nearly  saturated  and  gently  boiling  solution  of 
]  pt.  chloride  of  potassium,  the  ebullition  being  continued  till  no  more 
fulminating  mercnry  remains  at  the  bottom.     The  liquid,  which  has  a 
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yellow  coloari  arising  from  the  formation  of  a  precipitate  (p.  542)^  is 
then  filtered  hot,  in  order  that  the  principal  product,  a  compound  of 
fulmin urate  cf  potash  with  mercuric  oxide,  which  is  a  curdj  substance, 
sparingly  soluble  in  cold  water,  may  not  be  deposited  during  the  filtra- 
tion; and  the  yellow  precipitate  on  the  filter  washed  with  hot  water. 
The  filtrate,  on  cooling,  deposits  the  curdy  compound  of  mercuric  oxide 
and  fulminurate  of  potash,  a  further  quantity  of  which  may  be  obtained 
by  concentrating  and  cooling  the  mother-liquor  and  the  wash-water.  The 
portions  which  separate  out  in  the  second  and  third  coolings,  are  conta- 
minated with  the  yellow  precipitate,  but  may  be  purified  by  solution  in 
boiling  water,  ultimately  a  mother-liquor  is  obtained,  containing  an 
excess  of  chloride  of  potassium  and  a  considerable  quantity  of  mercuric 
chloride.  To  obtain  the  fulminurate  of  potash  from  the  curdy  com- 
pound, water  is  poured  upon  the  latter,  and  sulphuretted  hydrogen 
passed  through  the  liquid,  whereupon  sulphide  of  mercury  separates, 
together  with  crystals  of  the  potash-salt;  and  to  obtain  the  latter,  the 
entire  liquid  is  heated,  filtered  hoi,  and  left  to  crystallise.  On  cooling, 
it  deposits  shining  colourless  crystals  of  the  potash  salt,  a  further 
quantity  of  which  may  be  obtained  by  repeatedly  evaporating  and  cooling 
tne  mother-liquor.  In  this  manner  150  pts.  of  fulminating  mercury 
yield  20  pts.   of  fulminurate  of  potash.  (Schischkoff.)    [Liebig  makes  no 

mention  of  the  curdy  compound  of  mercuric  oxide  and  fulminurate  of  potash.  The 
reason  of  Schischkoff 's  having  obtained  it,  is  probably  that  he  used  a  saturated  solu- 
tion of  chloride  of  potassium,  whereas  Liebig  used  a  dilate  solution.  Liebig's  method 
is  evidently  the  easier  of  the  two.] 

Fulminurate  of  potash  forms  long  prisms,  haying  a  strong  lustre  and 
great  refracting  power.  (Liebig.)  A  hot  saturated  solution  rapidly 
cooled,  solidifies  from  formation  of  a  mass  of  very  small  silky  needles; 
but  by  gentle  evaporation,  the  salt  is  obtained  in  large  and  very  regular 
crystals  isomorphous  with  the  ammonia-salt.  (Schishkofi:)  The  crystals 
are  doubly  refracting,  and  for  perpendicular  incidence,  the  angle  of 
refraction  of  the  extraordinary  ray  is  between  5°  and  6°.  (Rood.)  They 
are  anhydrous.  (Liebig.)  The  salt  when  heated  exhibits  a  faint  glow, 
and  gives  off  a  small  quantity  of  gas,  like  a  mixture  of  an  organic 
substance  with  nitre.  It  undergoes  no  change  at  225°,  but  at  a  higher 
temperature  melts,  gives  off  a  large  quantity  of  hydrocyanic  acid,  and 
afterwards  becomes  black,  and  explodes  with  a  red  flame.  When  slowly 
decomposed  in  a  covered  crucible  by  a  heat  gradually  raised  to  redness, 
it  yields  pure  white  cyanate  of  potash  mixed  with  cyanide  of  potassium. 
(Schischkoff.)  Heated  with  chloride  of  potassium  in  a  combustion  tube, 
it  gives  off  hydrocyanic  acid,  then  carbonate  of  ammonia,  and  a  gaseous 
mixture  containing  2  vol.  carbonic  acid  to  1  vol.  nitrogen,  like  the  gas 
evolved  by  the  decomposition  of  dry  fulminate  and  cyanate  of  silver 
mixed  with  sulphate  of  potash.  The  residue  consists  of  cyanide  of 
potassium  mixed  with  chloride.  (Liebig.)  The  salt  is  less  soluble  in 
cold  water  than  the  ammonia-salt  (Liebig,  Schischkoff),  but  dissolves  in 
hot  water  as  easily  as  the  latter.  (Liebig.)  Dissolves  in  10  pts.  of  cold 
and  a  much  smaller  quantity  of  boiling  water;  insoluble  in  alcohol  and 
ether.  (Schischkoff.) 

Cryitals,  Liebig. 

KO  47-2     ....     28-23     27*78 

C«N3H20*    120-0     ....     71-77 

C«N»H«KO«' 167-2     ....  100-00 
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Fulminu7xUe  of  Potas^i  with  Mei'curic  oxide.  —  The  curdy  compoand 
above-men tioued.  May  be  obtained  directly  by  heating  a  solation  of 
fulminurate  of  potash  with  mercuric  oxide  (especially  the  yellow 
oxide)  and  filtering  the  hot  solation.  —  The  mercury  in  this  componnd 
is  not  separated  by  boiling  with  copper;  neither  does  caustic  potash 
or  iodide  of  potassium  act  upon  it  as  upon  other  mercuric  compoands. 
(Schischkoff.) 

Fulminurate  of  Soda,  —  More  soluble  in  water  than  the  potash-salt 
Crystallises  from  the  aqueous  solution  by  slow  evaporation  in  long 
prisms.  (Schischkoff.) 

Fulminuraie  ofZiiJUa,  —  Soluble  in  water  and  alcohol.  (Liebig.) 

FulminuraU  of  Bari/ia,  —  When  a  warm -saturated  solution  of  fulmi- 
nurate of  ammonia  or  potash  is  mixed  with  chloride  of  barium^  fulmi- 
nurate of  baryta  separates  after  a  few  minutes  in  the  form  of  a  crystalline 
pulp,  consisting  of  short,  thin,  white  needles,  which  dissolve  completely 
in  a  veiy  large  quantity  of  hot  water,  and  separate  on  cooling  in  hard 
isolated  crystals.  These  crystals  are  colourless  and  transparent,  and 
often  take  the  form  of  rhombic  prisms  terminated  by  a  macrodiagonal 
doma.  (Liebig.)  Refracts  doubly,  but  in  a  much  less  degree  than  the 
potash  and  ammonia-salts,  the  angle  of  refraction  of  the  extraordinary 
ray  for  perpendicular  incidence  being  only  1°  9'.  (Rood.)  Between  150° 
and  180°  the  crystals  give  off  8*52  p.  c.  (2  At.)  water,  and  become 
opaque;  at  a  higher  temperature  the  salt  decomposes  like  the  potash- 
salt.  (Liebig.) 


6  C 

3  N    

CrystaU, 

36*0 

420 

«...       AO  /2f       •••• 
«««       X«f  do      .••* 
....          I'oO      .... 
....      Ol'iJO      .... 

....            ll'diF        .... 

Liebig-. 
....     16*36 
....     19^42 

2  H    

2-0 

....       217 

BaO 

5  O 

2  H  O    

76-6 

40*0 

18-0 

....     3208 
....     21*45 

C«N'H2BaO«  +  2Aq 214*6     ....  10000     100*00 

The  salt  burnt  with  oxide  of  copper,  yields  a  gaseous  mixture  containing  3  vol.  S, 
5  Tol.  CO* ;  if  to  this  we  add  the  carbonic  acid  retained  by  the  baryta,  we  obtain  the 
ratio  6  :  3,  as  in  cyanogen.  (Liebig.) 

The  FulmmurcUes  of  Lime  and  Magnesia  are  soluble  in  water  and 
alcohol.  (Liebig.) 

Ftdminurate  of  Lead,  —  Neutral  lead-salts  are  not  precipitated  by  the  alkalior 
fulminurates.  (Liebig,  Schiachkoff.)  —  Bask  salt.  —  Basic  acetate  of  lead  form» 
with  the  alkaline  fulminurates  a  white  crystalline  precipitate,  which  dis- 
solves in  boiling  water,  and  separates  in  hard  yellowish  crystals  on 
cooling.  When  decomposed  by  sulphuretted  hydrogen,  it  yields  the  acid. 
(Liebig.) 

Liebig» 

2PbO    224     ....     65*11     64*0 

C«N«H«0* 120     ....     34-89 

PbO,C«N»H2Pb06 314     ....  100-00 

Ferrous  Fulviinwate.  —  Separates  in  beautiful  pale  green  crystals  on 
heating  a  fulminurate  with  ferrous  acetate.  (Schisclikoff.) 


.     FULMINURIC  ACID,  v  661 

Amnumio-eupric  Ftdminurate.  C*N«H*(NH»Cu)0»  +  NH«.  —When 
falmiDorio  acid  is  mixed  with  a  solution  of  a  copper-salt  in  excess  of 
ammonia,  and  the  liquid  heated  to  boiling,  it  deposits  this  double  salt  on 
cooling,  in  beautiful,  shining,  dark  blue  prisms,  which  undergo  no  change 
in  the  air  at  ordinary  temperatures,  or  even  at  1 50°,  but  are  decomposed 
with  explosion  at  higher  temperatures.  Nearly  insoluble  in  water,  and 
very  sparingly  in  ammonia,  so  that  very  small  quantities  of  fulminurio 
acid  may  w  separated  in  this  form.  The  salt  gave  by  analysis  16*23 
p.  c.  copper  (calculation  gives  ]6'32.)  (Schischkoff.) 

Fulminvrate  of  Mercury,  —  The  acid  is  not  precipitated  by  mercnroos 
or  mercuric  salts.  Mercuric  oxide  heated  in  a  solution  of  the  acid  dis- 
solves in  it,  and  the  liquid  on  cooling  deposits  a  mass  resembling  the 
curdy  compound  of  mercuric  oxide  with  fulminurate  of  potash. 
(SchischkofT.) 

FtdminuraU  of  Sllvei\  —  A  hot  solution  of  fulminurate  of  ammonia 
or  potash  mixes  with  nitrate  of  silver  without  turbidity;  but  as  the  liquid 
cools,  fulminurate  of  silver  separates  from  it  in  long,  very  thin  needles 
having  a  silky  lustre.  (Liebig,  Schischkoff.)  The  crystals  retain  their 
lustre  at  100°,  and  do  not  diminish  in  weight.  (Liebig.)  The  salt  is  not 
blackened  by  light,  and  does  not  undergo  any  change  at  150°,  but  at  a 
higher  temperature,  it  explodes  without  noise,  and  gives  off  hydrocyanic 
acid.  (Schischkoff.)  Decomposed  by  heat  in  the  same  manner  as  cyanate 
of  silver.  (Liebig.)  Dissolves  very  sparingly  in  cold,  but  pretty  easily  in 
boiliug  water,  and  may  be  recrystallised  without  alteration.  (Liebig, 
Schischkoff.) 

6  c : 

3N  :. 

2  H  

Ag 

6  O  


Liebig. 

Schischkoff. 

36     .. 

.     15-25     .... 

....     1517 

...      1509 

42     . 

.     17-79     ... 

...     17-68 

....     17-93 

2 

0-84     .... 

...       089 

....       0-98 

108     .. 

..     45-76     .... 

....     45-15 

....     45-43 

48     .. 

..     20-36     .... 

....     2111 

....     20-57 

C<«N8H2AgO»    236     ....  10000     100-00     ....  100-00 

Fulminuric  acid  dissolves  in  boiling  alcohol  (Liebig);  in  alcohol  and 
in  ether.  (Schischkoff.) 

It  combines  with  urea  and  with  aniline^  forming  crystalline  compounds. 

(Schischkoff.) 

Fulminuric  Ether.  —  When  fulminurate  of  potash  is  immersed  in 
alcohol,  and  hydrochloric  acid  gas  passed  through  the  liquid,  chloride  of 
potassium  is  formed,  together  with  fulminmric  ether)  as  soon  as  the 
reaction  is  complete,  the  stream  of  gas  must  be  discontinued,  because  an 
excess  of  hydrochloric  acid  decomposes  the  ether,  with  formation  of  a 
crystalline  body.  After  the  excess  of  alcohol  and  the  chloride  of  ethyl 
formed  at  the  same  time  have  been  distilled  off,  and  a  sufficient  quantity 
of  water  has  been  added  to  the  solution  of  chloride  of  potassium,  the  ful- 
minuric ether  separates  in  the  form  of  an  aromatic  liquid;  the  portion 
which  remains  dissolved  may  be  separated  by  agitating  the  watery  liquid 
with  common  ether.  —  Fulmiuuric  ether  is  decomposed  by  alcoholic 
potash,  even  at  ordinary  temperatures,  with  formation  of  fulminurate  of 
potash;  it  cannot  be  distilled  without  decomposition.  Its  alcoholic  solu- 
tion mixed  with  aniline,  deposits,  after  a  few  days,  colourless  silky 
prismatic  crystals,  which  melt  and  turn  brown  at  100°,  and  perhaps 
consist  of  the  anilide  of  fulminuric  acid.  (Schischkoff.) 

VOL.  X.  2  ^ 
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Page  501. 

NUroglyeermi  or  OloncAnt.  —  The  following  is  given  by  De  Vrij  ae 
the  most  adraiitageoiu  process  for  preparing  this  oomponnd:  100  grmsL 
of  gljoerinOy  of  sp.  gr.  1*262,  dried  at  150%  are  poured  gradnaUj  into 
200  cub.  oenl  ol  monohydrated  nitric  acid,  cooled  to  — 10%  care  being 
taken  that  the  mixture  never  becomes  heated  above  0^  As  aoon  as  the 
two  bodies  have  united  into  a  homogeneoos  liquid,  200  cub.  oent.  of  strong 
sulphuric  add  are  added  in  small  quantities.  If  the  temperature  be  kept 
constantly  below  O'',  there  is  no  danger  of  the  mass  going  off  in  vapour; 
but  this  effect  readilv  takes  place  al^ve  0^  The  nitroglvcerine  separates 
in  the  form  of  an  oily  stratum  on  the  surface  of  the  acids,  from  which  it 
may.  be  separated  by  a  tap-funnel.  —  The  quantity  thus  obtained  weighed 


200  grms.,  and  the  separated  acids  yielded  20  gmis.  more  on  being  mixed 
with  water.  The  whole,  amonnting  to  220  grms.,  was  dissolved  in  the 
smallest  possible  q\iantity  of  ether,  and  the  solution  repeatedly  agitated 
with  fresh  water  till  it  no  longer  reddened  litmus  paper;  it  was  then 
evaporated  over  the  water-bath,  and  the  product  dried  till  its  weight 
became  constant.     It  then  weighed  184  grms. 

From  this  result,  the  formula  of  nitroglycerine  appears  to  be 
C«H*(NO*)W:  for  C»H«0»   (glycerine)  =  92,  and  C»H«(NO*)Hy=  182. 

[This  malt  differs  materially  from  Railton'a  (is.  501)^. 

Nitroglycerine  is  a  pale  yellow  oily  liquid,  of  sp.  gr.  1*595  to  1-600 
at  15^.  Decomposes  at  160  ,  and  detonates  with  violence  at  highor 
temperatures;  also  when  struck  with  a  hammer  on  an  anvil.  Sulphu- 
retted hydrogen  decomposes  it,  with  copious  deposition  of  sulphur. 
(J.  E.  de  Vrij,  N.  J.  Fharm.  28,  38;  Chem.  Gcut.  1855,  383.) 
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Page  68. 

B'layl.  —  According  to  recent  experiments  by  Wnrtx,  {N,  Aim.  Chm, 
Phyt.  44,  275;  Ann,  Pharm.  96,  364,)  it  appears  that  sodiam  ma^  be 
used  in  the  preparation  of  butyl  with  greater  advantage  than  potafisinniy 
becaose  it  acts  less  violently  on  iodide  of  butyl,  and  does  not  form  so 
large  a  quantity  of  gaseous  secondary  products.  100  pts.  of  iodide  of 
b'ntyl  and  13  or  14  pts.  of  sodium  are  introduced  into  a  flask  provided 
with  an  upright  condensing  tube  kept  cool  by  ice- water.  The  action 
begins  at  ordinary  temperatures,  and  with  evolution  of  heat,  the  sodium 
swelling  up  and  gradually  becoming  covered  with  a  blue  crust.  As  the 
action  slackens,  it  must  be  accelerated  by  external  heat,  and  the  liquid 
kept  boilinff  till  the  bine  colonr  of  the  sodium  has  disappeared,  and  the 
flask  contains  a  white  mass  of  iodide  of  sodium  saturated  with  butyl. 
The  butyl  is  then  distilled  from  the  flask,  and  the  distillate  rectified  over 
sodium  till  the  metal  completely  retains  its  lustre  in  the  boiling  liquid, 
and  is  no  longer  attacked.  The  portion  which  in  the  last  rectification 
distils  over  between  105^  and  108^,  is  pure  butyl. 

Butyl  has  a  density  of  0*7057  at  0"".  It  boils  at  106^  Vapour- 
density  =  4*070  (comp.  p.  68.)  —  None  of  the  butyl- compounds  can  be 
directly  prepared  from  it.  Chlorine  and  bromine  act  upon  it,  but  form 
substitution-products.  With  perchloride  of  antimony,  it  yields  hydro- 
chloric acid  and  chlorinated  products  not  yet  examined,  rentachioride 
of  phosphorus  is  decomposed  oy  it  only  after  long  boiling,  with  forma- 
tion of  terohloride  of  phosphorus,  chlorinated  butyl,  and  hydrochloric 
acid.  —  When  the  vapours  of  iodine  and  butyl  are  passed  together  over 
spongy  platinum,  heated  in  a  tube  to  800^,  a  Large  quantity  of  hydriodic 
acid  is  formed,  together  with  a  small  quantity  of  an  iodised  organic 
substance,  probably  a  substitution-product.  —  Hydrochloric  acid  has  no 
action  upon  butyl,  either  at  ordinary  temperatures  or  at  a  temperature 
near  that  of  boiling  oil.  (Wnrtz.) 

Etkylobutyl    C>>H>^  =  ^|jj'  j  Obtained  by  decomposing  40  pts.  of 

iodide  of  butyl  and  34  pts.  of  iodide  of  ethyl  with  1 1  pts.  of  sodium, 
as  in  the  preparation  of  butyl.  The  action  begins  spontaneously,  but 
requires  external  beat  to  keep  it  np;  and  the  boiling  must  be  con- 
tinued till  the  sodium  is  converted  into  a  white  mass.  On  subsequently 
distilling  tlie  contents  of  the  flask  in  the  oil-bath,  the  thermometer 
remains  stationary  for  some  time  between  60°  and  70°.  The  portion 
which  passes  over  at  below  100°,  must  be  collected  apart,  (between  100° 
and  110°  a  considerable  quantity  of  butyl  distils  over,)  heated  with 
sodium  in  a  sealed  glass  tube,  and  redistilled  as  soon  as  the  fnsed  sodium 
immersed  in  it  retains  its  metallic  lustre.  The  thermometer  then 
remains  nearly  constant  between  60°  and  65°;  and  by  a  second  rectifica- 
tion of  the  portion  which  distils  over  between  these  temperatures,  the 
ethylobutyl  is  obtained  in  the  pore  state. 

SoS 
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Transparent,  very  mobile  liquid,  of  sp.gr.  0*7011   at  0°. 
62  .     Vapour-density  =  3053. 

W«rt«. 

12  C  72     ....     83-72     .-     83-48 

14  H 14     ....     16-28     16-50 


Boils  It 


'C"H"    86 


100-00     99-98 


Vol. .        Deiisitj. 

C-Tapour  12     ....     4*9920 

H-gaa    14     ....     0-9702 


V«p.  of  C»H** 2 

1 


5*9622 
2-9811 


C*H», 


CH', 


Etkylromyl^  C^^H"   ^^^  Btdyl-amyl,  qiouu   aro  prepared  by  exacdj 


similar  processes;  BtUyl-caproyl,  nuuu    ^7  ^^o  electrolysis  of  a  mixtuie 

'  C'H' 

of  valerate  and  OBnanthylate  of  potash;    and    Methyl-caproyl,  C^H^ 

by  the  electrolysis  of  a  mixture  of  acetate  and  (enanthylate  of  potash. 

The  mode  of  formation  of  these  compound  radicals,  and  a  compariso& 
of  their  properties  with  those  of  the  simple  radicals,  affords  an  additioittl 
argument  in  ficivour  of  the  theory  which  supposes  the  simple  radicals^  in 
the  free  state,  to  form  diatomic  vapours,  regarding  n^ethyl  in  the  free 

state  as  rtjus'  ^^^J^  ^  C*H*  ^^'  (^"'  ^''^^'  ^°  ^^^^'  ^°  comparing 
the  physical  properties  of  the  simple  and  compound  radicals,  as  exl^i- 
bited  in  the  following  table,  it  is  plainly  seen  tW  they  are  members  of 
the  same  series,  and  that,  to  establish  a  regular  connection  between  the 
properties  of  these  bodies  and  their  formuhe,  it  is  absolutely  necessaiy 
to  double  the  formnlso  of  the  simple  radicals^  (Wurtz.) 


Radical. 


Ethyl-butyl  

Ethyl^nyl    

Methyl-caproyl  ? 

Butyl 

Butyl-amyl    , 

Amyl .t 

Butyl-caproyl    ... 
Caproyl 


Formula* 


C«H" 
C>«HW 
C"HW 

CMH» 
C»H» 

C«H» 


C8H9 

cm* 

C«H» 

C"H'« 

C>H» 

C8H» 

Ciohh 

C»»H» 
CWH» 
C"H» 
C«H« 


Sp.  gr. 
at0«. 


0-7011 
0-7069 

9 

• 

0-7057 
0-7247 
0*7413 

? 
0-7574 


Vapour-densitT, 
Observed.    C«dculaCed. 


3053 
3-522 
3-426 


4070 
4*465 
4-956 
4-917 
5*983 


2'972 
3-455 
3-455 
3-939 
4-423 
4-907 
4-907 
5-874 


BoUtns 
Point 


62* 

88 

82? 
106 
132 
158 
155 
202/ 


\ 
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Page  87. 

SAweinfartOreen  wiih  Butyric  add. — When  batjric  acid  is  saturated 
with  recently  precipitated  carbonate  of  copper,  and  the  solution  mixed 
with  a  solution  of  arsenions  acid  saturated  at  a  boiling  heat,  a  yellowish 
green  amorphous  precipitate  is  formed,  which  after  a  while  becomes 
crystalline,  and  exhibits  the  fine  green  colour  belonging  to  ordinary 
Scfaweinfurt  green  (viii.  330),  which  it  also  resembles  in  its  other  pro* 
perties.  (Wohler,  Ann,  Fharm,  94^  44.) 

Spriogmann. 

3  CuO 120    ....     30-2     30-6 

2  AsO" 198     ....     49-9     501 

C»H70» 79     ....     19-9     19-4 

2(CiiO,A»0^  +  C»H'CiiO    397     ....1000    1000 

This  salt  differs  therefore  in  stoicbiometrical  compositioD  from  the  true  SchwelDfuit 
green,  the  latter  containing  3  At.  arsenite  of  copper  to  1  At.  acetate. 


Page  160. 

Alloaanie  cund.  *-  To  obtain  alloxantin  from  the  mother-liquor  which 
remains  in  the  preparation  of  alloxan  by  the  action  of  nitric  acid  upon 
uric  acid,  Schlieper  recommends  (p.  173)  that  the  excess  of  acid  be 
neutralised  with  chalk  before  passing  sulphuretted  hydrogen  through  the 
liquid,  in  order  to  preyent  oxidising  action.  With  due  care  not  to  add 
too  much  chalk,  this  process  succeeds  well  enough  j  but  if  the  nitric  acid 
be  completely  neutralised  with  chalk,  bicarbonate  of  lime  is  formed  at 
the  same  time,  and  rapidly  conyerts  the  alloxan  into  alloxanic  acid. 

This  process  may  be  adyauta^eously  applied  to  the  preparation  of 
alloxanic  add.     If  the  dilute  acid  mother-liquor  be  mixed  with 


of  chalk,  acid  alloxanate  of  lime  immediately  separates,  partly  on  the 
surface  of  the  liquid,  partly  as  a  precipitate,  in  well  defined  crystals  or 
crystalline  crusts,  which  may  be  easily  freed  from  admixed  chalk  by 
elutriation.  It  is  best  to  add  a  considerable  excess  of  chalk  and  to  stir 
frequently;  the  salt  then  forms  and  separates  out  yery  quickly.  The 
heayy  crystals  remaining  after  the  elutriation  may  be  purified  by  dis- 
solving tnem  in  water,  not  quite  at  a  boiling  heat,  and  filtering  while  still 
hot;  the  alloxanate  of  lime  is  then  deposited  in  white  crusts  as  the  liquid 
cools.  —  Extremely  beautiful  crystals  are  often  found  in  the  scum  wnich 
forms  when  the  mother-liquor  of  alloxan  is  saturated  with  chalk.  These 
crystals  are  perfectly  transparent,  glassy,  oblique  six-sided  prisms,  but 
generally  hayinsf  two  of  their  faces  so  little  developed,  that  tney  appear 
like  acute  rhombohedrons.  In  dry  air,  they  yery  soon  give  off  a  portion 
of  their  water  of  crystallisation,  and  become  milk  white. 

Mili'Wkiie  eryiitOi  dried  otftr  oU  qf  vitriol.  StKdeler. 

CaO   

8C 

2  N    

8  H    

14  O    

C?N'H»CaO>"4-6Aq 224     ....  lOOOO    lOO'OO 


28 

....  12-50  .... 

....  12-59 

48 

....  21-43  .... 

....  21-12 

28 

....  12-50  .... 

....  12-72 

8 

....   3-57  .... 

....   3-63 

112 

....  5000  .... 

....  49-94 
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Or: 

Sifidefer. 

C«0    28     ....     12-50     12-59 

C»Nm»0«  151     ....     67-41 

5  HO ." 45     ....     20-09     19-70 

0»N»H»CaOW  +  5Aq 224     ....  10000 

This  18  the  composition  which  Schlieper  wsi/i^s  to  the  transpareDt^ 
air-dried  salt;  hat  according  to  Stadeler,  the  transparent  crystals  contaia 
1  At.  water  more,  their  composition  heing  CN'H^aO^^+eAq.  .When 
dried  over  oil  of  vitriol,  they  give  off  3*86  p.  c.  water;  calculation  for 
1  At.  requiring  4 '25  p.  c. — When  acid  alloxanate  of  lime  crystallises  from 
a  solution  saturated  while  warm,  the  crystals  are  not  perfectly  transparent^ 
and  contain  between  5  and  6  At.  water;  when  dried  over  oil  of  -ritriol, 
they  give  off  2  to  3  p.  o.  water. 

From  the  lime-salt,  the  free  €und  may  be  readily  obtained  as  follows : 
The  concentrated  solution  supersaturated  with  ammonia  is  precipitated 
by  carbonate  of  ammonia;  the  liouid  heated  and  filtered  (in  the  cold  the 
precipitation  is  imperfect);  the  filtered  solution  of  the  ammoniarsalt  left 
for  a  while  over  oil  of  vitriol  to  remove  the  free  ammonia,  and  then 
precipitated   with   acetate  of   lead;  the  lead -salt,  which   is  free   from 
ammonia,  soepended  while  yet  moist,  in  alcohol,  and  decomposed  by 
sulphuretted  hydrogen ,   and  the  alcoholic  solution   of  allozanio    acid 
evaporated  at  a  gentle  heat.     The  acid  then  remains  in  the  form  of  a 
colourless  viscid  mass,  which  has  a  very  sour  taste,  and  gradnally  solidifies 
in  the  crystalline  form.     Schlieper  {Ann.  Phaitn,  55^  259)  is  of  opinion 
that  the  amorphous  state  is  brought  about  by  the  application  of  too  much 
heat  during  the  evaporation;  but  the  observation  just  quoted  sbows  thai 
the  acid  at  first  assumes  the  amorphous  state  when  the  alcoholic  aolntion 
is  evaporated  over  oil  of  vitriol  at  ordinary  temperatures.    (6.  Stadeler, 
Ann.  Pharm.  97,  120.) 
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REPORT 

OF 

THE   NINTH  ANNIVERSARY  MEETING 

or  THS 

CAVENDISH  SOCIETY. 


The  Anniversary  Meeting  of  the  Cavendish  Society  for  the  year 
1856,  was  held  at  the  rooms  of  the  Chemical  Society,  No.  5, 
Cavendish  Square,  on  Saturday,  the  1st  of  March,  at  three  o'clock 
in  the  afternoon. 

The  Chair  was  taken  by  Thomas  Gbaham,  Esq.,  F.R.S.9 
President,  who  called  upon  the  Secretary  to  read 

THE  REPORT  OF  THE  COUNCIL. 

"  In  this  Report  the  Council  hav&  but  a  brief  statement  to  make 

with  reference  to  their  proceedings  for  the  last  twelve  months.    The 

first  of  the  books  for  1855  was  ready  for  distribution  when  the 
Council  came  into  office  last  March;  a  third  book  for  1854,  which 

was  then  in  progress,  has  since  been  completed  ;  and  both  of  these 

works  have  been  supplied  to  Members. 

**  As  ft  second  book  for  1 855,  it  is  proposed  to  give  a  volume  of 
BiscHOP's  *  Elements  of  Chemical  and  Physical  Geology,'  which  is 
being  prepared  for  that  purpose,  and  is  expected  to  be  ready  for 
distribution  in  about  a  month.  The  translation  of  this,  the  second 
volume  of  the  work,  is  made  by  Dr.  Paul. 

*'  The  first  of  the  books  for  the  present  year,  1856,  will  be  the 
tenth  volume  of  Gmelin's  *  Hand-book  of  Chemistry/  the  pre- 
paration of  which  is  in  a  forward  state,  so  that  it  wiU  probably  be 
in  the  hands  of  Members  about  Midsummer. 

**  The  Council  are  gratified  in  being  enabled  to  refer  to  the  con- 
tinued prosperity  of  the  Society  as  indicated  by  the  financial  state- 
ment which  accompanies  this  report.     It  will  be  seen  that  there 


has  been  no  &lling  off  in  the  income  of  the  Society;  on  tlie  contrarj, 
the  amount  received  since  the  last  Anniversary  Meeting  exceeds 
the  income  of  any  previous  year.  The  support  of  the  Society  has, 
indeed,  for  several  years  past,  been  characterized  by  great  uniformity, 
accompanied  by  a  gradual,  although  slight,  improvement.  These 
circumstances  cannot  be  considered  as  otherwise  than  highly  satis- 
factory', especially  as  the  political  events  of  the  last  year  or  two 
have  been  calculated  rather  to  depress  than  to  encourage  or  promote 
the  desire  of  the  public  for  scientific  literature.  That  there  has 
been  no  sensible  defalcation  in  the  income  of  the  Society,  is, 
no  doubt,  mainly  to  be  ascribed  to  the  high  appreciation  which 
has  been  fbrmed  of  the  works  which  have,  from  year  to  year, 
been  produced.  Of  this  the  continued  demand  for  the  first  six 
volumes  of  Gmelin's  '  Hand-book  of  Chemistiy,'  and  the  frequent 
applications  which  arc  made  for  Lehmann*s  *  Physiological 
Chemistn','  afibrd  abundant  evidence.  Sixtv-three  sets  of  the 
Inorganic  part  of  the  *  Hand-book  of  Chemistry*  have  been  supplied 
to  Subscribers  during  the  last  twelve  months. 

*^llie  selection  of  suitable  works  to  be  undertaken  when  iliosc 
now  in  hand  have  been  completed,  is  a  part  of  the  duty  of  the 
Council,  which  frequently  occupies  their  deliberate  attention. 
Several  new  works  have  been  suggested,  and  some  of  these  are  still 
under  consideration,  but  the  arrangements  for  future  publication 
are  yet  incomplete.  ITie  Council  trust  they  may  be  enabled  to 
keep  up  such  a  succession  of  valuable  works  as  will  maintain  tho 
character  which  the  Society  has  hitherto  acquired  in  this  respect. 
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It  was  resdlyed, 
"That  the  Report  just  read  be  received,  approved,  and  adopted." 

The  Meeting  then  proceeded  to  the  election  of  Officers  for  the 
ensuing  year,  and  the  following  Gentlemen  were  declared  to  have 
been  duly  elected: — 

Thouas  Gbahah,  F.KS. 


PsonsSBOB  Bbaitdb,  F.K.S. 
Eabl  op  BuKLiNOTOir,  F.B.S. 
Sib  Jakes  Olabs,  M.D.,  F.R.S. 
Walteb  Cbum,  P.R.S. 
John  Davy,  M.D.,  F.R.S. 
ChablesG.B.Daubesy,  M.D.,  F.R.S. 
Michael  Fabasay,  D.C.L.,  F.R.S. 


John  Gbahah,  Esq. 

Henbt  Beatjhokt  Lbesox,  M.D., 

F.R.S. 
W.  A.  MiLtEB,  M.D.,  F.R.S. 
Pbofessob  Wheatstone,  F.R.& 
Colonel  Philip  Yoebs,  F.R-S. 


COtttud. 


Alexansbb  Bain,  Esq. 
G.  B.  BuoKTpN,  F.C.S. 
DuoALD  Caiipbell,  F.C.S. 
Philip  James  Chabot,  M.A.,  F.C.S. 
Henby  Deane,  Esq. 
Wabbbn  Db  la  Rfe,  Ph.D.,  F.R.S. 
W.  Fbbouson,  F.C.S, 
A.  B.  Gabbod,  M.D. 


John  Hall  Gladstone,  Ph.D.,  F  Jl^ 
A.  W.  HOFMANN,  Ph.  D.,  F.B.S. 
Henby  Letheby,  M.B. 

R.  POBBETT,  F.R.S. 

Alpbed  Sjcbe,  F.R.S. 

John  Stenhouse,  LL.D.,  F.R.S- 

R.  D.  Thomson,  M.D.,  F.ILS. 

A.  W.  WlLUAMBON,  Ph.D.,  F.R^ 


Cr^aufurer. 

Gbobob  Dixon  Longstapp,  M.D.,  9,  Upper  Thames  Street. 

TiCEOPHiLUS  Redwood,  Ph.  D.,  19,  Montague  Street,  Russdl  Square^ 

and  17,  Bloomsbury  Square. 


Colbttor. 

Mb.  Thomas  West,  32,  Soho  Square* 


It  was  resolved. 

'*  That  Db.  Lionel  B£AL£,  Dr.  ODLiNG,andMB.Tii£NHAU 
Kejskks,  be  appointed  Auditors  for  the  ensuing  year.'' 

The  following  Resolutions  were  unanimously  adopted  :— 

*'That  the  thanks  of  the  Meeting  be  given  to  the  Fse- 
siDENT,  Tbeasubeb,  and  Council,  for  their  services  to  the 
Society." 

''  That  the  thanks  of  the  Meeting  be  given  to  the  Honobjlby 
Local  Secbetabies  for  their  services  to  tlie  Society." 

'*  That  the  thanks  of  the  Meeting  be  given  to  the  Chemical 
Society  for  the  use  of  their  rooms  on  the  present  occasion*" 

The  Meeting  was  then  adjom-ncd* 

TlIEOrillLUS  REDWOOD,  SECBEtABt, 

19,  Montague  Street,  Russell  Square, 
and  17,  Bloomsbury  Square. 

Iff^ncH  IsT,  1856. 


OBJECTS,  &c.,  OF  THE  CAVENDISH  SOCIETY, 


The  Cayendish  Society  was  iitftituted  for  the  promotion  of 
Chemistry  and  its  allied  sciences,  by  the  difi^ion  of  the  literature 
of  these  subjects.  • 

The  subscription,  constituting  membership,  is  one  guinea  a-year, 
to  be  paid  in  advance;  and  the  subscription  becomes  due  on  the 
Ist  of  January  of  each  year.  A  member  is  entitled  to  a  copy  of 
every  book  published  by  the  Society  for  the  year  for  which  he  has 
subscribed,  but  no  member  can  receive  the  Society's  publications 
until  his  subscription  has  been  duly  paid. 


WORKS  OF  THE  CAVENDISH  SOCIETY. 


1848. 

L— CnSMIOAL  REPORTS  AND  MEMOIRS.  Edited  by  Thokai 
G&AHAM,  F.R.a    (Out  of  Print.) 

2.~HAND-B00K  OF  OHEMISTRT.  By  Lsopold  Gkblik.  Trans- 
lated by  Hbkrt  Watts,  B.A.,  P.O.S.    VoL  I. 

1849. 

3.— HAND-BOOK  OP  CHEMISTRY.  By  Leopold  GMEinr.  VoL  IL 

4.— HAND-BOOK  OP  CHEMISTRY.  By  Leopold  GMauif.    Vol.  IIL 

5.— THE   LIFE   AND    WORKS  OP  CAVENDISH.   ByDr.GBOBOB 

WiLBON. 

1850. 
6.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  GiOLnr.    VoL  IV. 
7.— HAND-BOOK  OP  CHEMISTRY.    By  Leopold  Gmelih.    VoL  V. 

1861. 

a— PHYSIOLOGICAL  CHEMISTRY.  By  Peofsssoe  Lbhkaxe. 
Translated  by  Geobge  E.  Dat^  M.D.,  P.R.S.  Vol.  I.  (Oat  of 
Print.) 

9.— HAND-BOOK  OP  CHEMISTRY.    By  Leopold  Gmelik.    VoL  VL 

1652. 

10.— HAND-BOOK  OP  CHEMISTRY.  By  Leopold  Gmelik.  VoL  VII. 
(Organic  Chemistry,  VoL  I.) 

11.— PHYSIOLOGICAL  CHEMISTRY.  By  Peofessoe  Lehxake.  VoL  IL 

12.— ATLAS  OF  PLATES  eelatieq  to  PHYSIOLOGICAL  CHEMIS- 
TRY.   By  De.  Otto  Fukkb. 

(Supplement  to  Lebhaee'b  Prtsiolooioal  Cssxibtet.) 

1853. 

13.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gxeliv.  VoL  VIII. 
(Organic  Chemistry,  VoL  II.) 

14— ELEMENTS  OF  CHEMICAL  AND  PHYSICAL  GEOLOGY.  By 
Psofebsoe  BisoHor.    VoL  I. 


•w  - 

if 


1854. 

15— THE  LIFE  AND  SCIENTIFIC  RESEARCHES  OP  DALTON. 
By  Db.  W.  C.  Hmtbt,  P.R.S. 

16 —PHYSIOLOGICAL    CHEMISTRY.      By    pBorBSSOB    Lkhmaxk. 

Vol.  in. . 

17  —LAURENT'S  CHEMICAL  METHOD.   Tranalated  by  Wm.  Odlwo, 

M.B. 

1855. 

18.— HAND-BOOK  OF  CHEMISTRY.   By  Leopold  Gmblin.   Vol.  IX. 
(Organic  Chemistry,  Vol.  III.) 

19.— ELEMENTS  OF  CHEMICAL  AND  PHYSICAL  GEOLOGY.    By 
Pbofessob  Bisohof.    Vol.  II. 

1856. 

20.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmeli5.    VoL  X. 
(Organic  Chemistry,  Vol.  IV.) 

21. — A  second  book  for  this  year  will  be  issued. 


CHEMICAL  REPORTS  AND  MEMOIRS.  Edited  by  Pbofessob 
Gbahau.    This  work  is  out  Of  print. 

GMELIN'S  HAND-BOOK  OF  CHEMISTRY.  Translated  and 
Edited  by  Hbnby  Watts,  B.A.,  F.C.S. 

Members  of  the  Cavendish  Society,  or  others  through  a  Member 
of  the  Society,  may  obtain  one  or  more  copies  of  the  first  Six 
VOLUMES  of  this  work,  comprising  the  whole  of  the  Inoroanio 
Chemistry,  for  a  Subscription  of  two  guineas. 

Members  may  also  have  for  one  year  s  subscription  the  Seventh 
AND  Eighth  Volumes  op  Gmelin's  Hand-book,  which  arc  the 
first  two  volumes  of  the  part  treating  of  Organic  Chemistry. 

The  Ninth  volume  of  the  Hand-book  is  the  first  of  the  books  for 
1855. 

LEHMANN'S  PHYSIOLOGICAL  CHEMISTRY.  Translated  and 
Edited  by  Dr.  G.  E.  Pay,  F.R.S. 

The  First  Volume  of  this  work  is  out  of  print.  There  still  remain  a 
sufficient  number  of  copies  of  the  Second  and  Third  Volumes,  and  of 
Dr.  Otto  Funke*s  Athis  of  Physiolo^cal  Plates,  for  supplying  those 
members  who  have  not  completed  their  sets. 

BISGH0F8  ELEMENTS  OF  CHEMICAL  AND  PHYSICAL 
GEOLOGY. 

The  First  Volume  of  this  work  having  been  issued  for  the  year  1853, 
in  coniunction  with  the  Eighth  Volume  of  Gmelin^s  Chemistry,  members 
who  do  not  possess,  and  do  not  desire  to  subscribe  for,  the  previous 
volumes  of  Gmelin,  may  have  the  Life  and  Works  of  Cavendish  instead 
of  the  Hand-Book  of  Chemistry,  as  the  second  book  for  that  year.  Or 
the  First  and  Second  Volumes  of  Bischofs  Geology  may  be  had  for  one 
year's  subscription. 


Applications  for  the  books  of  the  Society,  or  for  information 
relating  to  them,  are  to  be  made,  if  by  letter,  to  the  Secretary,  or 
personally  to  Mr.  Charles  Wood,  No.  17,  Bloomsbury  Square. 


